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Giant steel castings for s.s.“CANBERRA” 


The above illustration shows a propeller bracket of 110 tons cast weight with a maximum length 
of 24 feet. This is one of two heavy propeller brackets which, in conjunction with other heavy 
castings, we have produced for the P.&O. passenger ship “CANBERRA”. 

The “CANBERRA?” is at present building at the Belfast Shipyard of Harland & Wolff Limited. 


We possess the special equipment which is id 
necessary for the manufacture of such exceptional (hy) IDIZLAG, 


steel casuings in one piece. fiir GuBstahlfabrikation AG. BOCH UM 


Representatives for the U.K.:: 


THE STAHLUNION COMPANY LIMITED. 61 Pall Mall, London, S. W. 1, Telephone: Whitehall 5315 (7 lines) 
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Stop Mooning 


O* any view, the Russian lunar rocket was 

a feat of vast significance as well as 
an achievement in science and engineering 
which ranks among the greatest of all time. 
To one who stood in a garden in London 
last Sunday evening, peering intently at the 
moon through a pair of binoculars (in case 
there had been, after all, a visible effect !), it 
seemed—and still seems—that man’s frame 
of reference had shifted fundamentally. Now, 
and in future, no discussion of long-term 
aims—in politics and trade as well as science 
and engineering—can be unaffected by this 
new power of man over his cosmic environ- 
ment. 

Outside science and the engineering indus- 
tries there are probably few men who can 
surmise the possible consequences with any 
degree of conviction. Even an engineer, 
though he may be sure of his own inter- 
pretation, would be hard put to convince 
others. In the West—certainly in England— 
our reaction to the most startling news is 
invariably phlegmatic. There is a conviction, 
rooted and grounded in long experience of 
the buffetings of adverse criticism, that 
imperturbability ensures survival. But the 
man who is imperturbable is not blind; on 
the contrary, he is better placed to draw the 
right conclusions. What are the conclusions 
to be drawn from the Russian rocket? The 
question does not appear to have been 
answered yet. 

In the United States, military opinion is 
inclined to the view that such accuracy of 
trajectory is a formidable advance which 
must give Russia a significant lead in inter- 
continental ballistic missiles. Even if this 
were not so, as a weapon of psychological 
warfare the rocket is supreme. It impresses 
the most sophisticated people. How much 
more must it evoke awe, if not fear, in the 
minds of simple people throughout the world. 

Of its timing and publicity value, much has 
already been said. One’s sympathies may, 
perhaps, be with the Americans this week. 
Seldom has a nation had such a sharp 
reminder that there is more than one way of 
producing results from a progressive people. 
Material progress is the god of the 20th 
century, and all industrial nations worship 
it. That is a characteristic which Americans 
and Russians have in common, even though 
they differ so radically in their approach to 
the political economy. 

The timing in relation to Mr. Khrushchev’s 
visit was a master stroke, but it is not so 
important as the timing in relation to 
Russian progress in industrial science and 
engineering. A lunar rocket does not disturb 
the export markets, or steal business from 
























































































us or the Americans, but if the same single- 
minded drive and energy are devoted to the 
production of goods for export, the whole 
economy of the West will be disturbed 
profoundly. Is this possible, or probable, 
in the near future? It most certainly is. 
The Russians are, in fact, mass producing 
machine tools, instruments and other pro- 
ducts, and will be able to sell them so cheaply 
overseas, that the traditional, slowly changing 
pattern of our trade could be shattered over- 
night. It could be as sudden as the Wall 
Street crash in 1929. And the consequences 
could be even more far-reaching. 

Over the fields of Farnborough last week, 
the airborne products of some of our best 
brains in science and engineering were 
paraded with characteristic dash and show- 
manship. The aircraft industry has been 
making drastic adjustments in its policy 
since the reduction in armament orders, 
and most aircraft firms have branched out 
into other types of engineering, but there is 
little sign yet of a national policy to step 
up the rate of improvement in production 
and productivity. Automation is not a dirty 
word, nor is it mechanisation only more so. 
It is an economic and technical structure for 
industry which can only be built by advanced 
group thinking and planning, but which can 
change the scale and cost of production to 
entirely new levels. We _ have reliable 
evidence that the Russians are applying 
automation so rapidly—their timing is once 
again shrewdly thought out—that the mom- 
ent may soon come when they can suddenly 
flood world markets with goods that in cost 
are way below anything we or the Americans 
can turn out. 

When production of, say, centre lathes 
has reached that stage of automation, and as 
a result world markets have been captured, 
it may be economical to sell overseas at a 
ridiculously low, nominal price in order to 
keep the inflexible mass-production factory 
working at its optimum rate. Our export 
prices which are at present competitive would 
then be fighting a hopeless battle. 

Individually, the engineering firms of this 
country and the United States are lively and 
dynamic. They are quick to grasp oppor- 
tunities in their own or neighbouring fields. 
But opportunity today is for nations as well 
as firms and individuals. Are the nations 
of the West alive to their opportunities? 
Since the war, changes in the economic 
mechanism have been sufficiently gradual for 
us to make any necessary adjustments, but 
the Russians will soon have the power to 
move some of the fixed points in the 
mechanism. 


























































Cover Picture.—This week we are publishing five 
papers from this year’s British Association meeting 
discussing railway problems. The front cover is a 
map showing the principal routes for which 
electrification is planned over a background of a 
modern marshalling yard—two keys to improved 
railway operation. 


Plain Words 


I am a bottleneck. I am a bottleneck in 
communications; but at least the cork is out. 
Like the tiny aperture of a camera, I focus 
and rediffuse the images that are presented to 
me; but my shutter speedisslow. Again, lam 
a planet brilliant with reflected light; an 
opening through which the next stage in 
human evolution may be seen; and a 
potential FRS. 

If I seem vain, it is because, after many 
years obscurity, the importance of my calling 
has at last been recognised, and by a man 
whose authority cannot be questioned. Sir 
George Thomson, who is to be president 
of the British Association next year, has 
spoken generously of technical and scientific 
writers. He has also underlined the import- 
ance of establishing lines of communication 
between one specialist and another, and 
between specialist and public. 

Commenting at the Electrical Research 
Association luncheon on the mechanisms for 
disseminating knowledge, he referred to 
articles which explained “the advances in 
one branch of physics to men who have a 
good knowledge either of another branch of 
physics or of a cognate subject. . . . I believe 
that the making of information available to 
those who need it is largely a matter of 
journalism but there are many other lines of 
attack.” He referred to the populariser. 
“* The danger is of supposing that this is an 
easy job—the sort of job you can give to 
somebody who has not been a great success 
and who breaks the apparatus. I implore 
you to understand that this is not the case. 
It is not an easy job, and in my opinion it 
deserves much higher rewards in money and 
in prestige ... I should like to see the 
Royal Society elect one populariser yearly.” 

My applause was unstinted. Later I 
noticed that scientific writing was also the 
subject of a leader in The Times Literary 
Supplement, which, in elegant phrases, makes 
us aware of our shortcomings: “ But the 
world in which we live has placed its impera- 
tive on the scientist’s lines of communication. 
He must now—if only to make his own way 
in it—learn to write.” The leader also neatly 
distinguishes between “‘ inter-communica- 
tion’ (between specialists) and “ extra- 
communication”’ (between specialist and 
layman). Finally, the writer recognises that 
“Looking . . . to the future, there may be 
place in our society for the scientific scribe.” 

The writer of these sentiments is certainly 
on the right track, though a little undis- 
criminating in his use of terms. Science and 
scientists are traditionally concerned with 
the pursuit of knowledge; applying it is 
someone else’s job. But I should be un- 
charitable to accept recognition while cen- 
suring the terms in which it is expressed. 

CAPRICORN 





Space Law and 


The successful landing of the Russian rocket— 
Lunik II—on the moon underlines the need to 
consider the legal questions of space flight and 
the relations between the various international 
bodies concerned with these problems. Two 
new such organisations were announced at the 
recent International Astronautical Congress in 
London. 

One is to be an international academy of 
astronautics. Dr. Theodore von Karman, the 
distinguished American aeronautical engineer 
who is chairman of the NATO aeronautical 
research advisory group, was appointed chair- 
man of a committee to draw up the constitution 
and select the first academicians. Subsequent 
elections would be made by the members of 
the academy, which would be organised into 
scientific, engineering and medical sections. 
Legal studies would be dealt with by a new 
institute of space law (the exact name has yet 
to be decided), and a committee under the 
chairmanship of Mr. C. N. Shawcross, Q.C., is 
preparing the statutes for this body, which is 
expected to include a few scientific and engineer- 
ing advisers as well as experts in communications, 
air and space law. 

Lunik II made its quarter of a million mile 
journey in just one minute and 23 seconds longer 
than the Russians had predicted, drawing from 
Professor A. C. B. Lovell, director of the Jodrell 
Bank radio-telescope, the comment that it was 
from every point of view fantastic. 

The rocket’s last stage was a guided rocket 
weighing 3,324lb without fuel, including the 
instrument container, which became detached 
and which weighed 860lb. According to 
Moscow, when Lunik II hit the lunar surface it 
was expected to be travelling at two miles a 
second. For all that, the official Moscow Radio 
announcement declared that the Soviet coat of 
arms that had been landed could not be destroyed 
—*‘ because it has been specially constructed so 
that it will not break up.” At one time it was only 
necessary to plant a flag in some deserted territory 
to establish ownership. The Soviet abstention 
from a territorial claim in this case averts a 
precedent that would raise legal questions in an 
area where no body of laws yet exists. 


Seaway Traffic Progress 


The Canadian Minister of Transport has 
announced that improvements will be under- 
taken this autumn which will increase the poten- 
tial capacity of the Welland Canal by 25 per cent. 
This is the canal which connects Lake Ontario 
with Lake Erie and according to the St. Lawrence 
Seaway Souvenir Number of the Journal of 
Commerce, there have been a number of com- 
plaints about delays in transiting the canal 
since the opening of the Seaway. Tenders are 
to be called in mid-October for the construction 
of some 7,000 ft of tie-up walls in the canal. 
These will be constructed during the winter of 
1959-60 and should be ready for the opening 
of navigation in April 1960. Engineering 
surveys have not yet been completed but the 
cost of the work is estimated at $7-5 million. 

A study is also to be made of the possibility 
of reducing lockage time by improvement in the 
hydraulic characteristics of the lock filling and 
emptying system. In addition, the operating 
regulations may be altered to make compulsory 
certain equipment, which is at present merely 
recommended, designed to ease passage of 
vessels through the locks. According to pre- 
liminary statistics, issued recently during the 
current navigation season to the end of July, 
8 million tons of cargo were carried through the 
St. Lawrence canals and 12 million tons through 
the Welland Canal, representing increases of 
49 per cent and 19 per cent respectively over the 
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the Red Rocket 


figures for the corresponding period of 1958 
For July alone, cargo movement through the 
new seaway canals was 2:5 million tons, an 
increase of 51 per cent on the tonnage carried 
through the old St. Lawrence canals in July 1958. 


Drought Menace 


A water shortage next year has been foreseen as 
a result of the exceptional drought this summer 
In Plain Words on 7 August, Capricorn expressed 
his dismay at our unpreparedness for Meeting 
such an emergency. Water shortage is already 
being felt in some parts of the country. The 
Times reported last week that water supplies 
are failing in many Lake District villages and 
that mountain streams, which feed storage tanks 
in the area, are drying up. Emergency measures 
have also had to be introduced in Midlothian as 
from the beginning of this month. Edinburgh 
Corporation have had to invoke statutory 
powers to enforce economy in the use of water, 
More serious is the possibility of failure of 
industrial water supplies, and it is reported 
that difficulties may shortly arise on Tees-side, 
Although rainfall has been exceptionally low 
since May, most reservoirs were relatively full at 
the beginning of the summer. As a result even 
as late as July most water authorities were able 
to report that their reservoirs were as full as at 
the corresponding date last year. But if the 
drought continues very much longer, shortages 
may be expected to become much more wide- 
spread. In view of the large quantities of water 
used in industrial areas and the complexity of 
modern supply arrangements, very little can be 
done to improve the situation in the short term. 
Some alleviation could be obtained by the wider 
use of recirculation in many process industries 
and improvements would no doubt be made if 
the procedure to be followed by industrial com- 
panies in order to obtain permission to instal 
additional reservoirs could be speeded up. 


Restrictive Practices Rout 


In the year since the Restrictive Practices Court 
was set up, there have been six contested cases, 
of which five resulted in judgments declaring the 
agreements void. Compared with a total of 
2,200 agreements registered under the Restrictive 
Trade Practices Act this would at first sight suggest 
a very slow rate of progress. Statistics issued at 
the beginning of this month in conjunction with 
the address to the British Association by the 
Registrar of Restrictive Practices, however, show 
that in fact very considerable progress has been 
made. 

Up to 7 August 1959, 600 agreements had 
been abandoned or were being abandoned, 
250 after receipt of a warning that it was intended 
to refer the agreement to the Court and 350 
without any such warning. In all, 380 warnings 
had been sent out but the Registrar expected 
that of the 130 cases in which proceedings were 
pending, a high proportion would not come to 
trial. Of the 100 warnings sent out in April 
and May, 60 had resulted in abandonment of 
the agreements. At the beginning of August, 
there were 1,450 agreements on which no action 
had yet been taken but of these, over 1,050 were 
closely connected with cases already started. 
Of the other 400 probably 200 were of no sub- 
stantial economic significance while the remainder 
consisted mainly of newly registered agreements. 

In view of the effectiveness of the proceedings 
to date, it is perhaps not surprising that the 
Registrar devoted a considerable part of his 
address to answering suggestions that the Act is 
unfair. He made the point that the onus of 
proof in law lay on him who asserted the affirma- 
tive; since the intention of the Act was that 
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agreements of a registrable kind should not 
continue unless some good and substantial 
reason from the point of view of the public could 
be shown to justify their continuance and to 
outweigh any harm they might do, it was quite 
normal that the parties should have to prove 
any benefits which they thought their agreements 
conferred. 


Working Environment 


The newly formed Society of Environmental 
Engineers, for engineers concerned with the 
study and development of equipment to withstand 
shock, vibration and other environmental condi- 
tioas, has a meeting at the Royal Society ot Arts 
on 23 September (6 p.m.), when papers on 
electrical characteristics of moving-coil vibrations 
and on electronic measurements of environmental 
parameters will be presented. At another 
meeting, in Imperial College on 25 November 
(6 p.m.), a paper will be delivered on the investi- 
gation of jet induced vibration in aircraft. The 
new society has three classes of membership; 
sponsors, Ordinary membership open to scien- 
tists and engineers, and associate membership. 
So far there are six sponsoring company members 
and 53 ordinary members. 

Environmental engineering, as it affects human 
beings, is not new by any means, and heating and 
ventilation in arduous environments are the 
subject of a conference of the British Occupa- 
tional Hygiene Society on 4 November at the 
Institution of Mechanical Engineers. Among 
the speakers will be experts from the Medical 
Research Council, the National Coal Board, 
the RAF Institute of Aviation Medicine and the 
Royal Naval Physiological Laboratory. Mr. 
D. J. Day, of the Royal Aircraft Establishment, 
will deal with the engineering problems raised. 

The British Council has organised, in October, 
a 14 day course in ergonomics—which aims by 
studying the relationship between a man, his 
machine and their environment to promote 
maximum efficiency. The course, for overseas 
specialists in industry, personnel management 
and medicine, will take in visits to laboratories 
where ergonomics research is being pursued, 
including Medical Research Council laboratories 
in London, Oxford and Cambridge. Director 
of studies for the course is Mr. K. F. H. Murrell, 
M.A., of the Department of Psychology, Bristol 
University. Mr. Murrell may be remembered 
as the author of a series of articles on Human 
Performance for Engineering Designers, published 
in ENGINEERING in 1957, and now available as a 
reprint. 


Automation in Russia 


Mr. D. D. Morgan, information manager of the 
Production Engineering Research Association, 
recently stated that the Russians were about 
10 years ahead of this country in automation. 
He said that production in the Soviet Union 
had increased during the past year by 10 per cent 
while it had decreased in Britain by 1 per cent 
and in the United States of America by 9 per cent. 

Mr. L. Bagrit, deputy chairman and man- 
aging director of Elliott-Automation Limited, 
has claimed that it is an exaggeration to suggest 
that the Russians are technically ahead of this 
country in the field of automation. The field in 
which British industry does fall behind is in 
applying the techniques, frequently owing to an 
over-cautious attitude and to timidity in manage- 
ment. He urged that the Government should 
create such fiscal incentives as will enable industry 
to adopt a more progressive and adventurous 
attitude towards the introduction of automation. 

In the USSR itself, it appears that recent 
progress in automation has been largely experi- 
mental but the Russians are not afraid of 
experimentation on a large scale which may well 
be beyond the scope of any but the largest 
companies in this country. The Russian auto- 
mation programme is said to envisage 50 fully 
automatic workshops and pilot plants, while 
142 automatic and semi-automatic lines were 
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installed in Soviet factories in 1958 and a further 
1,300 are planned for the next seven years. 
According to the vice-chairman of the State 
Commission for Automation, the number actually 
put into service over the next seven years is 
likely to be considerably larger than this. The 
State Commission for Automation was estab- 


_ lished only six months ago and is reported to 


be engaged on working out a system of economic 
stimuli for technological progress. If this 
country is not to be left behind, some such 
scheme as that proposed by Mr. Bagrit may 
well be necessary. 


India’s Third Plan 


In spite of foreign exchange difficulties and the 
resultant pruning of the second five year plan, 
which comes to an end next year, India remains 
an important market for the British engineering 
industry. The shape of the third plan, which will 
cover the years 1961 to 1966, is therefore of 
considerable importance in the future of British 
engineering exports. 

At this stage in development, industrial ex- 
pansion is very largely dependent on imports 
of plant and machinery and since the country’s 
foreign exchange reserves are now a negligible 
factor, while exports are unlikely to increase 
substantially in the immediate future, future 
progress is limited by the extent to which other 
countries are prepared to provide foreign 
assistance. To this extent forward planning 
provides a blue-print of what is considered 
desirable rather than what can actually be 
achieved. In view, however, of the political 
importance of India to the West it seems prob- 
able that every effort will be made to meet 
India’s reasonable requirements. 

It now appears that under the third plan 
substantial resources will be devoted to the 
expansion of agricultural production and that 
medium and light industries will receive more 
encouragement than hitherto with the double 
object of expanding the output of consumer 
goods and relieving unemployment A _ high 
proportion of the projected investment of 
£7,500 million is likely to continue to be absorbed 
by heavy industry. 


and Pakistan’s Second 


Pakistan is one stage behind India and will start 
its second five year plan next year. The invest- 
ment target has been provisionally fixed at 
£1,050 million compared with an original estimate 
of £870 million for the first plan, which was later 
scaled down to £810 million. 

The results achieved at the end of the first five 
year period are likely to prove disappointing. 
The original plan envisaged a 20 per cent increase 
in national income over the period. This was 
later reduced to 15 per cent while the actual 
achievement will probably be about 10 per cent. 
The plan allowed for an annual increase in 
population of 1-4 per cent but the authors of the 
second plan state that this was an underestimate 
and the true figure is probably nearer 1-8 per cent 
per annum. If this is so, there has probably 
been little or no increase in national income per 
head over the last five years. 

The second plan aims at an increase in national 
income of about 20 per cent equivalent to a 
gain of about 20 per cent in per capita income. 
The first requisite is an increase in agricultural 
production to a level adequate to provide self- 
sufficiency in food, and it is recognised that this 
alone will require a major effort. In addition 
to increased use of fertilisers and pesticides, 
about 11 million acres will have to be provided 
with new or improved irrigation, drainage, 
flood control or reclamation facilities. It has 
been stated that at present more than 100,000 
acres of fertile land are being lost to cultivation 
each year owing to salinity and waterlogging. 
In the industrial field the plan aims primarily 
to expand cottage industries but those major 
injustries will also be encouraged which stimulate 
agricultural development. 





Letters to the Editor 


TOO GOOD TO BE TRUE? 


Sir, I have followed with considerable interest 
your valiant efforts to brighten up technical 
journalism and find that I turn to such features 
as “ Plain Words” with the same anticipation 
of finding fresh views that I do for “ Peter 
Simple ”’ in the Daily Telegraph. 

When, however, I read an article such as that 
on page 128 of your 4 September issue, praising 
up the Austin A99 with a succession of super- 
latives unequalled even by a Hollywood press 
agent, [I wonder whether I am reading a res- 
ponsible technical journal or a car manufac- 
turer’s publicity hand-out, and only the signature 
at the top of the article assures me that the 
former is the case. 

While appreciating that the A99 is no doubt 
a very excellent car, I find it difficult, as one 
connected intimately with the manufacturing 
industry, to believe that the designers have 
succeeded in producing a car so near perfection 
that even a relatively uncritical journalist would 
be unable to find some fault with it. 

Yours faithfully, 
I. G. Moore, 
Ph.D., A.M.I.C.E., A.M.I.Mech.E. 
Raycroft, Lacock, 
Chippenham, Wiltshire. 
9 September, 1959. 


Editor’s Note: Gordon Wilkins is not the only automobile cor, 
respondent to remark on the splendid qualities of th A/9%. As 
he made clear in his article, his assessment of the ca: was not 
based on hand-outs but on the road tests which he undertook. 


AXIAL ELASTICITY 


Str, Mr. A. N. Procter’s article ‘ Newtonian 
Theory of Axial Elasticity,” on page 798 of 
your issue of 19 June, 1959, has aroused con- 
siderable interest and Parts 2 and 3 are awaited 
with some impatience. However, Part | contains 
enough in the way of unusual views to provoke 
the following comment. 

The first provocative statement is that the 
crushing test is the most valuable method of 
investigating the properties of elastic materials. 
To a strength of materials man this statement 
contains so many contradictions that it is hard 
to decide where to begin to comment. The 
compression test is well known to give rise to 
a highly complex stress system in the ends of 
the test piece, mainly because of the material 
discontinuity at the bearing plates and the 
associated transverse bearing force; tensile tests 
are often more easily carried out, and the 
combined tension-torsion test on a tube is 
recognised as giving one of the simplest stress 
systems for well controlled materials experiments, 
where practicable. The notion that a material 
can crush, still maintaining the stress distribution 
prevailing at lower stresses where the laws of 
elasticity may be assumed to apply, cannot be 
accepted. 

Reference to Liiders’s lines in a context of 
“elastic materials”’ is surprising since they 
cannot occur in the elastic range, and never in 
the brittle materials (cast iron, concrete, rocks) 
under discussion. The occurrence of slip bands 
is merely evidence that the crushing strength is 
greater than the shearing strength, “ brittle” 
materials usually being distinguished by high 
shearing strengths compared with their crushing 
strengths, though this is scarcely adequate as a 
definition. 

It is strange to see transverse strain described 
as “unexplained.” Lateral strain in com- 
pression is usually assumed to result from the 
resistance of a solid to a change of volume; 
when it has complete resistance to volume 
change it is said to be plastic and all strain 
results in change of shape only; the appropriate 
value of Poisson’s ratio is 0-5. For lower 
values of Poisson’s ratio (as observed in most 
materials), some volume change takes place, 
but an increase in dimensions occurs in a 
direction transverse to the loading. There is no 
need to presuppose an inclination of the internal 
stresses to the direction of loading. The in- 
clination of the major principal stress direction 




























































































































































































































































MAGNETIC 
SEPARATOR 


For Heavy Media 


A PERMANENT magnet wet drum separ- 

ator has been introduced. to cover 
the requirements of heavy media re- 
covery. 

Elimination of the densifier demands 
a magnetic concentration of at least 
2-2 specific gravity when using magnetite, 
and the desirability of treating the 
effluent from the wash screens directly 
without pre-thickening makes it imper- 
ative that maximum magnetite recovery 
should be achieved even when treating 
very dilute slurries. 

The separator incorporates a slimes 
overflow weir and adjustable orifice 
rings in the tailings outlet to eliminate 
the need for valves. The header box 
has been designed to ensure proper 
presentation of the feed to the drum and 
eliminate overloading under surge con- 
ditions. 

The 30in drum is provided with 
expendable stainless steel outer covers 
and is available in widths up to 72 in. 
It is energised by a multipolar Alcomax 
permanent magnet unit, thereby elim- 
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inating all electrical wiring and acces- 
sories except those necessary to drive 
the motor. 

Single stage recovery at a flow rate 
of 80 Imperial gallons per minute per 
foot of magnet is said to be very high: 
99-6 per cent recovery at 1-38 per cent 
magnetite in feed (by weight). This 
figure represents a consumption of 
magnetite of less than one-tenth of a 
pound per ton of coal washed, based on 
an average of 150 gallons wash water 
per ton of coal. A clean magnetite 
concentration of 2-4 sp. gr. is produced 
independent of: feed concentration. 
Rapid Magnetic Machines Limited, Lom- 
bard Street, Birmingham 12. 
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VACUUM 
CLAMP 


For Welding Operations 


RECENT addition to the range of 

vacuum lifting equipment is a 
clamp designed for holding plates and 
bars together for welding. 

The unit is mobile and self contained. 
It is wheeled into position on the plate 
and the ram is aligned with the bar as 
shown. With the pads resting on the 
plate, the air admittance valve is closed 
and the vacuum pump started. The 
release valve on the hydraulic cylinder 
of the ram must also be closed. Next 
the hand lever for the hydraulic pump 
is worked until the ram engages with the 
member to be clamped, and the action 
continued until the two items are 
suitably clamped for the welding process 
to be begun. When the weld has been 
completed the operations are reversed, 
the ram being released first and then the 
air admittance valve opened to release the 
pads. The unit can then be wheeled on 
to the next position. 

The hydraulic ram has a capacity of 
10 short tons and a travel of 10in. The 
pads are each 18in in diameter and 





have a combined holding capacity of 


3 tons. Bars up to 17 in can be accom- 
modated under the ram. The motor is 
rated at 4h.p. and can be supplied for 
all standard voltages. The whole unit 
weighs 220 lb. Vacuum Industrial 
Applications Limited, Netherton Road, 
Wishaw, Lanarkshire. 




















































Continuing Letters to the Editor 


to the axis is recognised as evidence of the 
presence of “‘ end effects ”’ resulting from lateral 
end constraints. An increase in test piece length 
enables these effects to be dissipated and the 
middle third of a 6 in by 12 in concrete cylinder 
is usually considered to be reasonably uni- 
formly loaded; this assumption is based upon 
observation of the axial strain in this region, 
leading to values of Young’s modulus in reason- 
able agreement with those determined by other 
methods, such as tensile loading and sonic 
vibration tests. 

The evidence of the effect of length/diameter 
ratio on compression strength as ordinarily 
defined is very interesting and confirms that the 
usual ratio of 2 for concrete cylinders and rock 
cores is more than adequate. However, the 
types of failure described are not fully rep- 
resentative of experience. 

The writer and others have found (contrary to 
the author’s experience) that the lubrication 
condition of the ends of 6in by 12 in concrete 
cylinders has an important effect on the mode 
of failure even if the load values at failure are 
changed but little. With high bearing plate 
friction the usual conical (so-called shear) 
failure occurs, as is easily explained by the 
transverse stresses set up; with lower friction 
(such as occurs with concrete failing at stresses 
high enough to cause sulphur caps to flow), it 
is found that the typical failure is by columnar 
splitting with evidence of shearing only in the 
cap where lateral strain is inhibited. Similar 
failures occur with high-strength rock cores on 
steel bearing plates, for elample, granite and 
quartzite of 20,000 to 30,000 Ib per sq. in com- 
pressive strength. Some 3in by 6in grout 
mortar cylinders, sulphur-capped at one end 
only, have shown a conical failure at the other 
end only; the rest of the cylinder failing entirely 
by columnar splitting. In these tests, elaborate 
precautions were taken to ensure axiality of 
loading, this being often checked by strain 
measurements. It is considered that columnar 
splitting is the typical failure in compression of 
brittle materials, and that deviations are the 
result of end effects. 

The writer considers these failures to be strong 
evidence that there is for each material a value 
of tensile strain at which cohesion between 
particles breaks down. (This is the “* technical 
cohesive strength,”’ not the soil mechanics equiva- 
lent of shearing strength.) When the material 
is ductile, failure by shearing occurs before this 
limit is reached unless prevented by the geometry 
of the section. (An example of this exception is 


the triaxiality of tensile stress developed in 
circumferential grooves of steel tensile specimens, 
which leads to “ brittle’ failure in a normally 
ductile steel). When the material is normally 
brittle, the limit is reached before the shearing 
strength is exceeded and no slip or yielding 
occurs. Blakey has suggested (confirming others) 
that concrete fails at about 10-* to 10-° tensile 
strain and Talobre appears to consider the tensile 
strain criterion axiomatic. The author supports 
this hypothesis when he publishes photographs 
of Dr. A. M. Neville’s long concrete cylinders, 
evidently tensile strain failures. 

The most enlightening test in this connection 
is the Japanese or Brazilian ‘* indirect tensile ” 
or “tensile splitting ’’ test, much discussed by 
Wright, Evans, and Simon. In this test, a con- 
crete cylinder is laid on its side in a compression 
testing machine and loaded; almost uniform 
tensile stress is developed and the cylinder 
cracks along the plane containing the loading 
lines. Strain measurements in this test should 
prove most instructive. 

Turning now to the author’s mathematical 
treatment, we have an expression 
h 


F,=cEA-+7GA#- . (1) 
: h Ss 

In this expression « and 7 are described as 
coefficients to allow for possible non-observance 
of Hooke’s Law; the effect of the coefficients is, 
however, merely to modify the numerical values 
of the elastic constants, for « and 7» would have 
to denote functions (not coefficients) to achieve 
the author’s objective; it is doubtful whether they 
serve any useful purpose in practice. 

The author states that the first term in equation 
(1) becomes small for large values of 4. This is 
not so, as s/h is the direct strain (assumed uniform) 
so this term is independent of A. Similarly, the 
second term depends on the magnitude of shear 
strain, an expression for which the author has 
not quoted; this term also is independent of h 
being equal to ¢? divided by direct strain. The 
whole argument concerning / then collapses, 
and the mathematical error in differentiation of 
(1) and the fact that s is not independent of h 
(so rendering the differentiation invalid) are both 
relatively trivial but still valid further criticisms. 

Yours faithfully, 
D. C. HERBERT, 
Executive Engineer. 
Strength of Materials Section, 


Snowy Mountains Hydro-Electric Authority, 
PO Box 332, Cooma North, NSW. 


ATOMIC ABSORPTION 
SPECTROSCOPY 


HE Hilger atomic absorption spectro- 
scopy equipment consists of a 
hollow cathode lamp emitting light of 
the resonance frequency, and a specially 
designed flame vapouriser. It is designed 
for use with a Uvispek spectrophoto- 
meter but can be used with other makes, 
which may however need some slight 
modifications. Hollow cathode lamps 
are available containing most metals and 
lamps can be changed in a matter of 
moments. The flame vapouriser con- 
sists of two units: the vapouriser proper 
and the burner. The sample solution is 
atomised in the first and then mixed with 
air and inflammable gas before entering 
the second. The burner spreads the 
flame to give as long an absorption path 
as possible. Hilger and Watts Limited, 
98 St. Pancras Way, Camden Road, 
London, NWI. 


SMOKE DENSITY 
INDICATOR 


HE Electricon smoke density indicator 
type CSB/6000 is designed for long 
life and reliability. It is intended for 
use in boiler houses and power stations 
generally, but it is said to be suitable also 
for laboratory work on research or auto- 
matic control of combustion. The unit 
incorporates an “ obscuration” meter 
and an alarm circuit. All adjustments 
are made from the central control unit 
which can be locked to prevent tampering. 
Ronald Trist and Company Limited, Bath 
Road, Slough. Bucks 
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LOADING SHOVEL 


For Bad Working 
Conditions 


F E. WrATHERILL LIMITED have intro- 
duced two new versions, specially 
designed for soft ground conditions, of 
their existing 12H and 14H loading 
shovels. 

The new 14H model has extra power 
provided by a 62 b.h.p. (SAE) Fordson 
diesel engine, and a Brockhouse torque 
converter with special oil cooler. A fully 
automatic gearbox and improved power 
assisted steering are now fitted as 
standard items of equipment. These are 
said to ensure maximum power and con- 
trol under the most difficult conditions 
and to reduce operator fatigue due to the 
elimination of the more normal clutch 
and gearbox. 

Similarly, the 12H model is available 
with the torque converter, oil cooler, 
gearbox and power steering as optional 
extras and is fitted with the same wide 
tyres for working on soft ground. Both 
machines offer loading shovel users 
additional advantages, such as the 
centrally placed driver’s cab which 
provides greater safety and visibility and 


AUTOMATIC DRILL 
Compact Air 
Hydraulic Unit 


NEW extremely compact, fully auto- 

matic drill of American manufacture 
is being sold in this country. It is 
claimed to be the only air hydraulic 
unit of its type which is both capable of 
drilling holes of up to # in diameter in 
mild steel and which is itself only 2 in 
wide. 

A special feature of the design is 
that the motor may be mounted above or 
below the fixture and hence clear of the 
field of operation; and yet it is still 
possible to change pulleys to give one 
drill capable of operating at several 
speeds—possibly, therefore, on more 
than one job. . 

The Precise Autodrill, as the device is 
called, can be driven by an electric motor 
coupled to it by means of either a con- 
tinuous belt or a flexible shaft. The drill 
feed is powered by a hydraulic system 
using air as a working fluid, and is 
controlled by another hydraulic system 
using oil. The feed is continuously 
variable over the range from zero to 
120 in per minute. 


LABORATORY ,OVENS 


With Forced Air 
Circulation 


RANGE of ovens with electrically 

heated forced air circulation, de- 
signed for both laboratory and general 
use, has been introduced. 

The ovens are designed to give reliable 
temperature control up to 200°C, 
together with uniformity of temperature 
distribution. They are well lagged, 
silent in operation and robust in con- 
struction. 

A simple but effective method of heat- 
ing has been developed using a powerful 
centrifugal fan in conjunction with heat- 
ing elements of low thermal mass 
positioned to give rapid heat response. 
Extensive tests are said to have proved 
a maximum temperature gradient of 
+ 1° C throughout the working space. 

In order to obtain sensitive and reliable 
control, a Sunvic temperature control 
System is used, giving a maximum 
temperature differential of + 4°C. The 
thermostat is normally used in conjunc- 
tion with a standard laboratory thermo- 
meter, for which provision is made in the 
oven roof. All parts are standard and 
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is forward hinged to provide easy 
detachability. Each model is arranged 
to disuharge the material over a height 
of 12 ft, which is ample for all normal 
loading tasks. 

The complete scoop crowding action 
ensures full load at every operation 
without the strain of impact loading. 
The side-arms of both machines are 
constructed from 14in profiled steel 
plate and the scoop crowding is obtained 
without the necessity of introducing a 
complicated inter-lever system. The 
main frames are constructed from rolled 
steel channel sections of 10 in by 3 in. 
F. E. Weatherill Limited, Tewin Road, 
Welwyn Garden City, Hertfordshire. 





Control of the drill, which enables it 
to cycle continuously or to operate in 
single cycles, is by a 12 volt a.c. electrical 
system deriving power from an ordinary 
transformer. Separate interlock _ ter- 
minals are provided to initiate subsequent 
operations, to index rotary tables or to 
initiate cycles on other Autodrills form- 
ing a sequence of operations that can be 
performed automatically. 

An accessory port is provided to 
operate a cooling system, air-powered 
holding fixtures or other tools on the 
forward stroke. The mechanical re- 
tracting button which is fitted provides 
immediate return of the spindle to the 
fully retracted position. Newage Machine 
Tools Limited, 98-100 Croydon Road, 
London, SE20. 














readily accessible to allow for quick and 
easy maintenance, should the need arise. 
Hedin Limited, South Woodford, London, 
E18 
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BALANCING 
MACHINERY 


High Sensitivity 


HE accompanying illustration shows 

a compact dynamic balancing ma- 
chine, in which patented electronic 
vibration detectors and cathode ray tubes 
are claimed to give a combination of high 
sensitivity and ease of locating points of 
unbalance. 

The circular trace, which is one of the 
machine’s patented features, is claimed to 
make interpretation so easy that tests are 
quickly made by operators with no special 
training, yet sensitivity is such that a 
displacement of 0-000025in due to 
vibration is measured, which is equi- 
valent to an unbalance less than 0-002 oz 
in 10 lb of rotor weight. 

In these machines, the part to be 
balanced is spun in bearings carried by 
aluminium supports, which are attached 
to the machine by means of flexible 
linkages providing easy undamped move- 
ment. 

The vibratory movements associated 
with unbalance are converted into 
electrical impulses, amplified and fed 
into a cathode ray tube to give a circular 


LEVELLER 


Plate up to 3 inch 
thick 


SEVEN roll plate levelling and 
straightening machine has_ been 
introduced that will handle mild steel 
plate up to 36 in wide by 3 in thick and 
will also side bend plate up to 2 in thick. 
The machine’s seven rolls consist of 
a pair of pinch rolls and five levelling 
rolls. Separate adjustment is provided 
for the lower pinch roll and for the 
three lower levelling rolls. The minimum 
thickness that can be worked is } in. 

A double reduction main drive gearbox 
is incorporated and arranged with a 
change speed mechanism to give running 
speeds of approximately 15 and 20 ft 
per minute. The lower pinch roll and 
three lower levelling rolls are separately 
driven by 10h.p. motors and the main 
drive is taken from a reversing 100 h.p. 
motor. The position of each roll is 
shown by a large indicator dial. 

The machine and control gear are 
arranged for reverse levelling under full 
load conditions. The normal entry side 
is at the pinch roll end and the outgoing 


CRAWLER MOUNTED 
CRANE 


To Lift 19 Tons 


HEAVY duty crane, named the NCK- 

Rapier Pennine, incorporates several 
interesting features. By mounting the 
upper unit and lift attachment of an 
existing 20 ton truck crane design on a 
special long and wide crawler frame, the 
makers have produced a crawler mounted 
crane using a 30ft pin-jointed boom 
with a lifting capacity of 19 tons at a 
radius of 10ft. This boom can be 
extended by inserts to a maximum length 
of 90 ft, and special jib boom extensions 
of up to 30 ft in length with capacities of 
5 tons are available for fitting on main 
booms shorter than 70 ft. 

A pin-jointed boom, power controlled 
boom lowering, a high “A” frame and 
pendant-type boom _ suspension are 
standard equipment on this machine. 
An important feature of it is that it 
can be quickly converted for dragline, 
grabcrane and dragshovel duties, in 
spite of the fact that it was designed as a 
heavy duty crane. Newton, Chambers and 
Company Limited, Thorncliffe, Nr. Shef- 
field, Yorkshire. 











display. The magnitude of the unbalance 
is indicated on a meter. Hence the 
operator can tell the amount and the 
position of the metal to be removed so 
that any unbalance which may exist in 
the part being checked on the machine 
can be corrected. 

Standard machines in this range have 
variable speed motors, ranging between 
400 and 4,000 r.p.m., while others have 
three speeds of 650, 1,100 and 2,200 r.p.m. 
They can carry rotors of up to 200 Ib 
in weight, although special machines 
are produced by the firm designed to 
take rotors varying between a few 
ounces and several tons. Repco Limited, 
Dundas House, St. James's Street, 
London, SW1 





top roll controls the final sweep of the 
plate either up, down or in a level plane. 
Shear pins mounted in hardened and 
ground bushes are fitted to the pinch 
roll chocks to give overload protection. 
Bronx Engineering Company Limited, 
Lye, near Stourbridge. 
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PLASTICS COATING 
MACHINERY 


Continuous Process 


RANGE of machinery for the plastics 

coating of a wide range of materials 
by continuous processes has recently 
been introduced. Among the machines 
are a number developed by the C. A. 
Litzler Company, of Cleveland, Ohio, 
with whom the British manufacturing 
company have made an agreement. 

The range is claimed to be the most 
comprehensive of its kind in this country, 
and consists of a considerable number of 
machines suitable for different applica- 
tions. They fall under the general head- 
ings of coating machines, impregnating 
machines, embossing machines, drying 
and gelling machines, fabric and plastic 
combining machines, drying machines, 
and a complete range of the necessary 
materials handling equipment. In addi- 
tion, pilot plants and laboratory equip- 
ment for any process can be supplied. 

The two main types of plant expected 
to prove most popular in this country 
are for fabric coating and impregnating 
and for paper coating and impregnating. 
The variety of materials that can be 


GAUGING AND 
TOOLING BALLS 


For Use as Standards 


Whey used in the United States and 

now available in this country are 
master gauging balls. The balls are 
available in sizes from in to lin 
diameter rising in size by increments of 
é in. They are reported to be ideal 
for setting comparators and other types 
of gauging equipment, or for use as 
standards in metrology and inspection 
departments. 

The balls are manufactured from 
chrome alloy steel and hardened to 
between 63 and 65 Rockwell C. Toler- 
ances are held to + 0-00001 in on dia- 
meter and 0-00001 in on sphericity. The 
surface finish is 1 micro-in CLA. 

Also available. in a range of standard 
sizes, is a series of tooting balls. These 
are precision spheres with an integrat 
shank of suitable diameter. Made from 
stainless steel hardened to between 55 
and 58 Rockwell C_ they are held to a 
tolerance of + 0-0001 in on diameter 
and 0-0002 in concentricity. These balls 
are intended for use as reference points 
in manufacture and in inspection and 


HYDRAULIC 
BARREL STACKER 


To Lift 700lb Drums 


NEW model has been added to an 

existing range of hydraulic elevator 
trucks. It is equipped with tubular 
forks and designed to lift drums weighing 
up to 700 1b directly off the ground to 
heights up to 56 in or 70 in. 

The masts of the stacker are of heavy 
steel channel section and all moving 
parts have ball or roller bearings. Power 
is provided by means of a two-speed 
hand hydraulic pump, or, alternatively, 
the hydraulic pump can be driven by a 
single-phase or three-phase mains electric 
motor. Heavy-duty traction batteries 
can also be used to power the stacker 
through a 12 V motor. 

The truck, which has two front wheels 
and two castors at the rear, is claimed 
to be easily manoeuvrable. It can be 
supplied as an extra with a detachable 
platform and used as a normal lifting 
truck. Two sizes of barrel rack, to hold 
either 6 or 9 standard drums, have been 
specially designed for use in conjunction 
with the stacker. Powell and Company, 

























produced on these machines include 
mine conveyor belting, textile backed 
pressure sensitive tapes, structural and 
engineering fabrics, and _ glass-coated 
fabrics for high temperature use. 
Among the coated papers being 
produced are overlay, underlay and satu- 
rated papers, pressure sensitive tapes and 
adhesive coatings for decorative and 
other uses, including metallic foils and 
films. Mather and Platt Limited, Park 
Works, Manchester 10, Lancashire. 


set-up of jigs, tools and fixtures. Both 
types of ball are available singly or in 
sets. In the latter they are packed in 
wooden cases as shown and are supplied 
complete with tweezers for handling. 
Special sizes can be supplied to order. 
Insley Industrial Supply Company Limited, 
21 Poland Street, London, WI. 





Burry Port, 
Wales. 


Carmarthenshire, South 
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LOUDHAILERS 


For Noisy 
Environments 


COMPACT range of transistorised 
marine communication equipment 
has been developed for use in situations 
where the effects of background noise 
severely restrict normal speech trans- 
mission. Mainly designed for quick and 
efficient communication on board ship, 
this equipment is reported to be ideally 
suited for use in situations where 
similar noisy conditions prevail. 
A typical system for ships comprises 
a main station/selector amplifier position 
which can be linked to loud-hailers or to 
a number of out-station transmitter/loud 
speakers for direct two-way speech cir- 
cuitry. The transistors enable the equip- 
ment to be operational from the moment 
of switching on. With 24V_ system, 
when speech transmission takes place, 
the maximum operating current is 2 A. 
The amplifier has a rising frequency 
characteristic of up to 1,000c/s which 
ensures a high level of speech trans- 
mission through enhanced articulation. 
A feature of these systems is the use of 
noise cancelling microphones’ which 


SPANNERS 
Non-Magnetic and 


Non-Inductive 


[NcLuDED in a range of products 

marketed under the name “ Berinkle”’ 
is a set of spanners. The range, to be 
introduced progressively over the next 
few months, will comprise tools and 
equipment of special interest to the radio, 
radar, electronic, chemical and allied 
industries. 

The spanners are available in sizes 
from 0 BA to 11 BA, and have been 
produced mainly to assist radio and 
electronic engineers in the adjustment of 
instruments and assemblies where ferrous 
spanners are unsuitable. 

The tools comprising the range are 
made from beryllium copper complying 
with standard specification DTD 900/ 
4433, and are heat treated to give 
minimum hardness of 350 VPN and 
tensile strength between 75 and 90 tons 
per sq. in. This material is non- 
magnetic and corrosion resistant to a 
high degree. As they cannot produce 
sparks, they can safely be used near 
inflammable vapours. For added pro- 
tection the tools are hard gold plated. 
The spanners are normally supplied as 


WELDING TOOLS 


Electrode Holder 
and Clamp 


Two new tools for the welding industry 
are an adjustable workholder and 

an electrode holder. The workholder 
consists of two vices mounted on a 
horseshoe bracket, each vice being de- 
signed to be clamped in any desired 
position through 360° of rotation. Thus 
it is possible to hold two pieces of 
material for welding at any desired angle 
with respect to one another. A set of 
four of these workholders can ensure 
accurate setting up of square and 
rectangular frames. Two sizes of the 
tool are made, to accommodate sections 
of 2 and 3in. They weigh 4 and 10 lb. 
The second tool the electrode holder, 
is a fully insulated holder and is reported 
to incorporate many refinements over 
existing types. The head was designed 
with an air gap between the inner brass 
parts and the outer insulators in order to 
assist cooling. A screw-positive cable 
connection for safe working at high 
currents and a longitudinally ribbed 
handle for comfortable working are also 
incorporated. The hook shaped head is 
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enables the quality of two-way speech 
delivery to be maintained in engine 
rooms, in winch locations and in loading 
ramps where normal speech would be 
impossible. Marine Department, Siemens 
Edison Swan Limited, Woolwich, London, 
SE/8. 





a set of six in a wallet, but they can also 
be obtained separately. C. Brandauer 
and Company Limited, 401 New John 
Street West, Birmingham 19, Warwick- 
shire. 
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claimed to allow the last inch of electrode 
to be used. IJnterlas Limited, 232 Brom- 
ham Road, Bedford, Bedfordshire. 
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AUTOMATIC TRANSMISSION 


For Hillman Minx 


The Rootes Group is now Offering the three- 
speed automatic transmission developed by S. 
Smith and Sons as an optional extra on Hillman 
Minx and Singer Gazelle cars. It consists 
basically of a simple constant-mesh layshaft 
gearbox with two electromagnetic powder 
clutches of the type invented by Jacob Rabinow 
in the USA and subsequently developed by 
Faton there and by Smith here. 

As originally designed for a semi-automatic 
transmission which never went into production, 
the clutch consisted of a field coil and inner 
member attached to the flywheel, with a slim 
driven member between them, iron powder being 
drawn into the gaps (of about 0-025 in) when 
the magnetic field was created. The latest 
design (see Fig. 1) has the two field coils in a 
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and Singer Gazelle 


An engine protection switch 
prevents engagement of second gear above 
50 m.p.h. 

During shifts from first to second, direct drive 
is momentarily engaged by energising the appro- 
priate clutch, to reduce engine speed and effect 
synchronisation. Another of the many detailed 
refinements is a resistance brought into the 
generater field circuit by the choke control which 
prevents the car creeping forward when the 
engine is idling fast during warming up. 

An emergency plug can be used to isolate the 
automatic control system in the event of a failure 
in the circuit. First and top gears can then be 
obtained manually by selecting low or drive on 
the selector lever. 

The powder clutch has the advantage over the 
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Schematic diagram of the S. Smith automatic transmission system. The enlarged drawing shows how 
the rotating magnetic clutches are energised by the fixed magnet. 


stationary member to reduce the moment of 
inertia of the flywheel and speed up the gear 
changes. A rotating field piece attached by a 
spring mounting to the flywheel is also supported 
at the rear end by a ball bearing. Inside it are 
two rotors on concentric shafts of the gearbox. 
The top gear rotor, nearest the engine, drives 
straight through the solid mainshaft to the out- 
put of the gearbox. The second rotor, operating 
first and second gears, is splined to a tubular 
sleeve on the mainshaft and drives the gearbox 
layshaft through constant mesh pinions. On the 
layshaft are first and second gear pinions in 
constant mesh with first and second speed gears 
on the mainshaft. First gear is coupled through 
a free wheel to a ring which can be locked to the 
mainshaft by a dog clutch operated manually by 
the selector linkage. This selector also engages 
reverse through a sliding gear. Second gear is 
obtained by a solenoid-operated selector locking 
the second speed gear to the mainshaft, first 
gear then free wheeling. 

A governor sensitive to road speed and 
accelerator position is placed in tandem with 
the speedometer drive and controls the gear 
changes. The speed-sensitive element is a per- 
manent magnet eddy current coupling, actuating 
a three-position switch sending signals to the 
appropriate relays. Built-in hysteresis delays 
downward changes to prevent the gear box 
hunting between one gear and another when 
travelling at constant speed. At 60° throttle 
Opening, upward changes from first to second 
are made at 22 m.p.h. but downward changes 
into first are made at 15 m.p.h. Upward changes 
from second to top are made at 46 m.p.h.; 
downward changes at 35. The hysteresis range 
is narrowed at smaller throttle openings and is 
fixed below 20 m.p.h., in which range the system 
is not throttle-sensitive. 

Control is by a conventional steering column 
lever with positions for reverse, neutral, low 
and drive. Low gives a second gear hold for 
downhill braking, or for fast cornering. If low 
is selected on a closed throttle, a “* blip ’’ solenoid 
momentarily opens the throttle to ensure shock- 


normal friction clutch that its static and dynamic 
coefficients of friction are identical and engage- 
ment is therefore smooth, without judder. 
Friction coefficient is independent of temperature 
up to about 600° C and there is sufficient heat 
capacity to tolerate a reasonable amount of slip, 
as when using the accelerator to hold the car 
momentarily on a hill. 

To obtain a progressive build-up of flux when 
starting from rest, current is taken from the car’s 
dynamo. Its characteristics are modified by 
insertion of series resistances into the field circuit 
and by slightly boosting the feed to the dynamo 
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View of engine with automatic transmission, show- 
ing the governor (centre) and the control box (left). 


field coils by connecting them through a resist- 
ance to the battery, so as to give more pro- 
gressive increase in voltage with rising revolu- 
tions. When car speed rises above 10 m.p.h. 
the governor actuates a switch which supplies 
the clutch with current direct from the battery. 

Mercury switches, sensitive to fore and aft 
acceleration, are employed to limit the retarda- 
tion torque which can be transmitted by the 
clutches and so smooth out downward gearshift 
on a light throttle. Current consumption of the 
transmission is about 50 watts. 

With this type of clutch, as with a hydro- 
dynamic drive, the inertia of a fast revving 
engine cannot be employed to aid a fast start, 
and acceleration from rest is slightly slower than 
that which can be obtained by brutal use of a 
friction clutch. The utilisation of the gears is 
better than that obtained by the average driver 
and most drivers find the three-speed automatic 
transmission to be a fully acceptable alternative 
to the four-speed manual transmission. There 
are however plans for the development of a four- 
speed version of the transmission. 

The transmission adds £88 to the price of a 
car before tax. It is understood that this is 
based on an estimated production of about 
500 units a week. 


HILLMAN, SINGER AND SUNBEAM IMPROVEMENTS 


The use of a high proportion of common body 
pressings has enabled the Rootes Group to 
provide deeper, wider windscreens and slimmer 
front body pillars simultaneously on Hillman 
Minx, Singer Gazelle and Sunbeam Rapier. 
Rear wings of the first two have also been 
altered to a line which appears to have been 
inspired by the 1958 Chevrolet. Maximum 
power of the 1,494 c.c. engine as fitted in the 
Minx is raised to 56-5 b.h.p. SAE at 4,600 r.p.m., 
an increase of nearly 8 per cent and torque 
rises by 64 per cent to 83 lb-ft at 2,000 r.p.m. 
Front brake drums are now 9 in diameter, which 
involves an increase in lining area to 121 sq. in 
on all models except the low-priced special 
which retains the 8 in front brakes. 

The Singer Gazelle, basically a more luxurious 
version of the same car, now has twin carbur- 
ettors and new manifolds, raising maximum 
power to 64 b.h.p. SAE at 4,600 r.p.m. On 
both cars, buyers who do not opt for the Smith 
automatic transmission have a new four-speed 
gearbox and the shift pattern of the steering 
column lever is reversed to conform with current 
international practice. A central lever is optional. 
First gear is lower than ever, but second, third 


and top are more closely grouped. The same 
gearbox is also used on the 1960 Sunbeam Rapier. 


Old gearbox New gearbox 
Ist 3-187 to 1 3:346 to 1 
2nd 2-471 to 1 2-141 tol 
3rd 1-491 to I 1-392 to I 
Top ltol Ito l 


Axle ratios are 4°55 to 1 on all cars except 
those with overdrive or automatic transmission. 

The Rapier now has basically the same engine 
as the recently announced Alpine sports car, with 
aluminium eight-port head, reinforced cylinder 
block and stronger crankshaft with vibration 
damper. Compression ratio is raised to 9-2 to | 
and maximum gross power is now 78 b.h.p. 
at 5,400 r.p.m., with maximum torque of 83 lb-ft 
at 3,500 r.p.m. This car now has Lockheed disc 
brakes on the front wheels. 

The 1,390 c.c. engine in the Hillman Husky 
as been modified to produce 51 b.h.p. at 4,400 
r.p.m., an increase of 19 per cent, but it is claimed 
that a new carburettor also improves the road 
fuel economy. 
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Wings of Hope 


Sir Frederick Handley Page, chairman of the 
oldest—and probably the busiest—company in 
the aircraft industry, told the shareholders of 
Handley Page Limited a cheerful story of 
successful operations and gave them hope for the 
future. His company are fully extended and 
engaged in “a nation wide recruiting campaign 
for skilled personnel.” 

Production of the Victor Bl bomber—one of 
the principal instruments of Britain’s deterrent 
policy—has been their main activity but produc- 
tion of the Dart Herald is going ahead at Wood- 
ley. Three of this “‘ private venture” aircraft 
have been ordered by BEA for operation on their 
Scottish routes. Sir Frederick pointed out that 
this order provided an official recognition of the 
aircraft’s qualities, which is an essential factor in 
selling this machine to foreign operators. 

Sir Frederick’s remarks on the state of the 
industry were in line with the general feeling at 
this year’s SBAC show, that it must contract 
further unless it receives considerable Govern- 
ment support. Handley Page’s development of 
the Herald “a robust aircraft eminently suited 
to operation in regions of varied climate and 
terrain anywhere in the world,” points the way 
to the field of products where the British industry 
is strongest; that of short or medium haul 
aircraft with versatile performance and out- 
standing economy of operation. This is the 
sector of the industry where the Government is 
most likely to pay up and where the best results 
can be expected. 

Concerning the future Sir Frederick said that 
the company’s research was “ directed not only 
into the supersonic sphere but also towards the 
practical production of laminar-flow aircraft 
when the advanced stage of development heralds 
a new era of fast, long-range aircraft of spectacu- 
lar efficiency.” 


Flexible Barges 


A new concept of liquid transport invented by a 
team of distinguished Cambridge University 
scientists, Professor W. R. Hawthorne, FRS, 
Sir Geoffrey Taylor, FRS, and Mr. J. C. S. Shaw, 
is beginning to prove itself a commercial proposi- 
tion. Professor Hawthorne and his colleagues 
conceived their ideas on floating flexible con- 
tainers in the autumn of 1956 when the Suez 
crisis drew attention to Britain’s dependence 
on oil transport. The first prototype Dracone D1 
started development tests in Southampton Water 
in August, 1958, and in February of the following 
year the first commercial delivery of cargo in a 
Dracone container, described as a flexible oil 
barge, took place from the Esso refinery at Faw- 
ley to Newport, Isle of Wight. Dracones are 
now in full commercial operation in the Solent 
area working on a contract from the Esso 
Petroleum Company for delivery of petroleum 
products from Fawley to Newport and Ports- 
mouth. In May this year the ICI Heavy 
Organic Chemicals Division cooperated with 
Dracone Developments Limited in a successful 
trial tow of Dracone D4 across the North Sea in 
rough conditions from Billingham to Flushing 
on the Dutch coast. 

The development of the Dracone oil barge 
has been sponsored by the National Research 
Development Corporation, who have one of 
their members, Dr. B. J. A. Bard, as a director 
of the company. Dracones are made of nylon 
fabric coated with special types of synthetic 
rubbers. All those built so far are 100 ft long 
and 5ft in diameter with a capacity of 10,000 
gallons of cargo. All operational units have 
been made for Dracone Developments by P. B. 
Cow Limited, of Streatham, who, together with 
P. Frankenstein & Sons (Manchester) Limited, 
have options for licences to manufacture and 
sell Dracones. 

It has been established by a series of trials that 
the Dracone will resist damage by rocks, 


jetties and vessels when it is floating on water, 
since its cargo is at very low pressure and the 
fabric skin will yield easily. The fabric, which 
has been specially chosen for its resistance to 
abrasion, will stand a great deal of chafing, 
particularly under water. During their trials, 
prototype Dracones have often received very 
rough treatment. On one occasion, for instance, 
one was caught and pinned beneath a rusty, 
barnacle-covered steel lighter. The Dracone and 
the steel lighter had to be separated by two 
small tugs, the Dracone itself showed no sign 
of damage, although the steel barge had had 
many of its barnacles scraped off. This is an all 
British development which promises to have 
world wide applications. 


Deep in the Heart of Bedford 


A new plant is to be built at Mantons Lane, 
Bedford, by Texas Instruments Limited, in order 
to supplement the output of their other Bedford 
plant which was opened in October, 1957. The 
time is rapidly approaching said the company, 
when the growth in demand can no longer be 
met from the existing plant. The new plant, 
which is due to be occupied in the autumn of 
next year, will total 120,000 sq. ft, nearly trebling 
the existing area and seven times the area first 
occupied by Texas Instruments when they began 
to manufacture in this country 22 months ago. 
They now claim to be the largest manufacturers 
of silicon semiconductor devices in Britain. 

The design of the new factory is said to embody 
many new features, particularly in the use of 
concrete construction. The roof of the produc- 
tion area will be composed of a series of hyper- 
bolic paraboloid shells, while its floor, together 
with the upper floors and roof of the office block 
will be cast at ground level and raised into 
position by the “Lift Slab’? method. The 
concrete hyperbolic paraboloid roof shells, rather 
like umbrellas turned inside out, will each be 
48 sq. ft in plan, each shell being supported 
solely by a hollow concrete pillar at its centre 
point. The hollow pillar will also serve as a 
rainwater drain from the roof. A _ non-load- 
bearing woodwool panel between shells results 
in a pillar spacing of 50 ft. This method of 
construction provides a large, relatively clear 
production area together with an aesthetically 
pleasing interior. Another advantage of this 
type of roofing is that the rising sweep of the 
paraboloid shell towards the external edges of the 
building allows the glass curtain walling to 
extend to the full height of the building, permit- 
ting the unobstructed entry of maximum natural 
light to the whole floor area. 


Supplying Problem Industries 


A successful policy of diversification has enabled 
the Dowty Group to expand steadily over the 
past few years. Their latest acquisition, Rotol 
Limited, and subsidiaries, will add to the group’s 
turnover substantial civil aviation business which 
is not expected to suffer the same decline as that 
foreseen for military work. 

The group’s trading profits have risen each 
year from £537,000 in 1952 to £2-17 million for 
the year ended 31 March. Their chairman, 
Sir George Dowty, told shareholders that his 
optimism about the future had been justified by 
events and that “* having regard to all the various 
factors,’ they had reason to be satisfied with the 
outlook. Over the past year the group’s fortunes 
have been affected by the recession in coal 
mining and the nuclear and aircraft industries— 
‘““we are constantly facing problems,” said 
Sir George, “ as a result of the changing policies 
and lack of decision within these great industries 
to which we are suppliers.””" They are therefore 
seeking to launch new products which do not 
depend to the same extent on industries con- 
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trolled by Government policies which woulg 
give them “a still more balanced business.” 

Commenting on developments in the nuclear 
industry, Sir George Dowty made the mog 
searching criticism yet of its conduct and develop. 
ment: “* Companies that have entered the nuclear 
industry have contributed much but have received 
relatively little in return for their investment op 
design and development. Unless there is some 
revision of national policy, much of this technica] 
effort will have to be discontinued with serious 
effects upon this new industry both at home and 
abroad.” 


More Thorn 


The decision of the directors of Thorn Electrica] 
Industries Limited to make a_ public issue 
to raise an additional £5 million of capital, 
announced underlines the very rapid progress 
made by the group. They are now one of the 
largest units in the electrical industry, making a 
wide range of products, which include lighting 
equipment and fittings, radio and _ television 
receivers, recorders, electric cookers, instruments 
and many others. Last year (ended at 31 March) 
trading profits were £610,000 higher than in 
1957-58, amounting to £2:95 million. Assets 
totalled more than £26 million and included 
additions of £1-4 million to fixed assets during 
the year. 

Thorn have developed their radio and television 
interests through their arrangement with EMI 
Limited by which they produce the latter’s rang: 
of receivers. The turnover of British Radio 
Corporation, which is the subsidiary company 
concerned, was more than double during the first 
quarter of this year than during the corresponding 
period of 1958 and is expected to expand at an 
even greater rate during the remainder of the year. 
Thorn have continued to invest heavily in auto- 
matic plant and now consider their television, 
radio and components industries “‘ among the 
most up to date in the world.” 


Cars Made in Germany 


The latest review of activities in the German 
motor-vehicle manufacturing industry, contained 
in the annual report of Daimler-Benz AG, of 
Stuttgart, shows that expansion of production 
continues. Output of the industry as a whole 
during 1958 (1-5 million of cars and tractors) 
was 23-3 per cent higher than in 1957 and has 
continued to increase during the current year. 
Germany is now the leading European producer 
of motor vehicles, followed by the United 
Kingdom (1:36 million in 1958), France (1-13 
million) and Italy (404,000). Daimler-Benz 
point out that the combined output of these 
four countries has now passed that of the United 
States, which fell by 28-9 per cent last year and 
amounted to 5-14 million vehicles compared to 
5-6 million in the UK, Germany, France and 
Italy. 

A number of interesting points are raised in 
Daimler Benz’s report. German exports con- 
tinue to rise and account for about half the total 
output. As in the case of Britain, the most start- 
ling increase has taken place in exports to the 
United States. Clearly the directors do not 
expect that the expansion will be maintained at 
the current rate, although 1959 will be another 
most successful year. The effects of the Common 
Market have been immediate on all European 
manufacturers. Daimler-Benz have had to meet 
“considerable requirements of a_ technical, 
organisational and particularly of a financial 
nature.”” Investments abroad are being stepped 


up. 

_ vital factor in all this growth is road space: 
Daimler-Benz’s plea that “at least the funds 
provided by motorists themselves in the form of 
the various charges payable by them should be 
made available in full”’ for the extension and 
improvement of the country’s road systems has 
a familiar ring in this country. 
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Golden 


Although not more than half way through the 
period of run down the success so far achieved 
by the Regular Forces Resettlement Service, 
and of course by the officers themselves, suggests 
that if the economic barometer behaves the rest 
of the operation will be carried out smoothly 
enough. 

Even the figure of only 947 officers now un- 
employed against 641 in 1957, despite more than 
12,000 leaving the forces in that time, is not 
wholly fair to those whose efforts are led by Sir 
Frederic Hooper. In such a small number the 
tiny but persisting number of officers who, on 
retiring, remove to some sylvan fairy land 
remote from urban toil and then, Micawber 
like, put their name down for a job, must have an 
effect out of proportion. 

On all sides it is heard how well ex-officers have 
fitted in and how little resentment has been seen. 
It is fair to ask why anybody who had any experi- 
ence of the general run of British officers should 
have expected any different. 


Introducing United Steel 


Short residential courses on iron and steel pro- 
duction, research and management are being 
held once again this month by the United Steel 
Companies Limited. The first course, which 
began on 7 September, was attended by 21 
senior public schoolboys. They were followed 
by 36 undergraduates from eight universities. 
Each course lasted six days and was aimed 
“to give an insight into the scientific basis and 
production methods of iron and steel making 
and shaping, to illustrate some characteristic 
research problems and to show the way in 
which a steel company is managed.” 

The company express their hope that the 
courses will guide those who attend them in their 
choice of a career. The young men stay in 
Sheffield as guests of United Steel. They visit 
the Scunthorpe, Rotherham and Stockbridge 
works, the Swinden Laboratories and the com- 
pany’s central research and development depart- 
ment in Rotherham. They hear talks given by 
senior members of the company’s staff, take 
part in discussions and are given the opportunity 
of meeting other public schoolboys and graduates 
who have joined United Steel in the past few 
years. 


Young Presidents 


Groups of young men who already hold impor- 
tant posts in management on either side of the 
Atlantic held conferences this summer—in 
Miami, United States of America, and in 
Valencia, Spain—to discuss the major problems 
which face them in their jobs as top managers. 
In the US, the Young Presidents’ Organisation 
aim to help their 1,400 members to become 
“better presidents and better men.” Each 
year they go to a School for Presidents to discuss 
problems facing the chief executive. The 
president of YPO is Mr. Robert Chambers, a 
graduate of the Harvard Business School, who 
has headed a successful Californian firm of 
tool makers since 1947. 

The Fédération des Jeunes Chefs d’Entreprises 
d'Europe, also known as the FJCEE (European 
Young Presidents’ Federation) was formed only 
one year ago and includes comparable groups in 
Belgium, France, Italy, Germany, Switzerland 
and Spain, as well as members from the Nether- 
lands, Morocco and Austria. At their con- 
ference they discussed how they could help to 
“coordinate the human and material resources 
of the continent.” 

It would appear, from the activities of these 
various groups, and also from their origins, 
that the young presidents from Europe are more 
concerned with business philosophy and external 
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political and economic trends while those from 
America consider the development of their 
individual skills as managers as their chief 
objective. The reason for this difference in basic 
outlook is historical: the European Groups were 
formed to provide a strong front to resist the 
spread of Communist and Socialist doctrine in 
industry. But they are gradually directing more 
of their activities into educational channels. 
The German Junge Unternehmer (formed in 
1959) have been primarily concerned with 
training young executives to take over the top 
positions in family enterprises. Their leader, 
Herr Christian Andreae, only 33, is manager 
and partner in a family textile business. 

This is a new force arising, and their motto 
could well be “* free enterprise and able manage- 
ment.” 


Diplomates of Technology 


The names of the first students to receive diplomas 
for courses in mechanical engineering and 
metallurgy were published last week by the 
National Council for Technological Awards. 
They were candidates who have completed their 
courses at the Battersea College of Technology, 
and comprise the second award of diplomas by 
the council. The first was made last year when 
35 students of the Birmingham College of 
Advanced Technology were awarded the Dip. 
Tech. (Eng) in electrical engineering. There 
are currently over 2,500 students following 
courses leading to the diploma and, the council 
say “shortly several hundred diplomates will 
be taking their place in industry each year.” 
The next awards are in October and January. 

The courses for the diploma of technology are 
equivalent in standing to honours degree courses 
at a British university. Four of the eight 
successful students gained first class honours: 
P. W. Lightfoot and D. J. Pollard in mechanical 
engineering and K. Bolton and B. L. Eyre in 
metallurgy. 


German Hours Down 


The working week in German industry is now 
less than in France or Britain. This surprising 
conclusion was reached by the Institute of 
German Industry who recently carried out a 
survey of hours worked, which showed that they 
averaged 41-5 hours compared with 45-1 hours 
in France and 45-3 hours in Britain. The Swiss 
remained the most industrious—at least on 
paper—with a 46-8 hour working week. 

Before too much comfort is drawn from these 
Statistics in this country it will be necessary to 
obtain the detailed basis of the Institute’s calcu- 
lations. The figures are said to be related to 
** hours of labour effectively done ” but do they, 
for example, take into account the British 
worker’s beloved tea breaks? A large firm in 
our own motor industry calculated a year or so 
ago that they effectively reduced the working 
week by over one hour and that at least one hour 
more was lost by the British workman’s habit of 
timing his arrival on duty at the clocking-in gate 
and not at his machine and, conversely, being 
ready to leave—washed and coat on—as soon as 
the whistle blows. The German worker tends 
to consider his hours as time spent on the job 
and it could be therefore that he and his British 
counterpart now work approximately the same 
effective time. At the same time there is little 
doubt that the German worker is insisting more 
on leisure time than he did during the post war 
years of reconstruction. 

The German effective working week is brought 
down by the fact that there are from ten to twelve 
public holidays each year—depending on the 
varying legislation of the German States—or an 
average of almost one month. The correspond- 
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ing figure for France is five holidays a year and 
for Britain six. 


Post-Graduate Fission 


With basic training in nuclear science and 
engineering becoming generally available in the 
world’s universities, the International School of 
Nuclear Science and Engineering at the United 
States Atomic Energy Commission’s Argonne 
National Laboratory is to become an entirely 
post-graduate centre of studies. To be know 
as the International Institute of Nuclear Science 
and Engineering, the institute’s programme, 
from February, 1960, will concentrate on 
advanced training with less background instruc- 
tion. Dr. Norman Hilberry, director of the 
Argonne National Laboratory, said: “* It will be 
an association of leaders in science and eng neer- 
ing gathered to employ the best research equip- 
ment and talent Argonne can provide.” The 
ISNSE have a very good list of affiliated members 
from 18 countries including India (Atomic 
Energy Establishment, Trombay), Pakistan (Paki- 
stan Atomic Energy Commission, Karachi), 
Japan, and also a number of European countries 
such as Switzerland, Spain and Italy. 

The Argonne National Laboratory are pur- 
suing the same policy of encouraging enterprise 
in nuclear fields on the part of developing 
countries. A national of India, Dr. Kundan S. 
Singwi, has been appointed a resident research 
associate. Dr. Singwi, who is a_ physics 
graduate of the University of Allahabad, was at 
the University of Delhi (as a National Institute 
of Science research fellow) and did further 
postgraduate study in the department of mathe- 
matical physics at Birmingham University in 
England (1950-51) and then as a research asso- 
ciate at the University of Illinois. Dr. Singwi 
was a member of the Indian delegation to the 
Second International Conference on the Peaceful 
Uses of Atomic Energy, held at Geneva in 
September, 1958. He is a member of the 
editorial advisory board of the Journal of Nuclear 
Energy. His work in the solid state sciences 
group at Argonne will involve a theoretical study 
of the interactions of neutrons with solid and 
liquid substances. This helps scientists under- 
stand the fundamental nature of matter. It 
also lays groundwork for further nuclear reactor 
design and development. He commented at the 
time of his appointment that the primary gual 
of India’s atomic energy programme was “ to 
develop nuclear power, utilising our natural 
abundance of thorium to produce reactor fuel.” 

India has had a swimming pool research 
reactor in operation for the past three years, 
and will put a zero power reactor into operation 
this year. 


Untimely Death 


The announcement of a Government-appointed 
committee of three, led by Lord Chandos, to 
report on the best and fairest way of replacing 
the Queen liners was followed only a day later 
by the sudden death of Colonel Denis Bates, 
chairman of the Cunard Line since 1953. He 
was 73. 

Colonel Bates, who succeeded on his brother’s 
retirement, will be remembered for his sharp 
complaints against the taxation provisions which 
prevented the Cunard Line building up replace- 
ment reserves. It was in his chairman’s state- 
ment of last May that Colonel Bates declared 
that the subsidised competition, both sea and 
air, had compelled him to put the problem of 
replacing the two Queens to the Government. 

The three-man committee, who are expected 
to take at least three months over their task, will 
report to the Minister of Transport. There 
have been reports that the Minister, Mr. Harold 
Watkinson, has somewhat critically received the 
Cunard proposals that they should have govern- 
ment aid, as, indeed, there has been criticism 
from the shipping industry, with its overall dislike 
of subsidies. 
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The organisers of the Society of British Aircraft 
Constructors’ 20th Flying Display and Exhi- 
bition (held last week at Farnborough) are to be 
congratulated on the excellent way matters were 
handled; traffic, parking, air display, static 
display, everything, in fact. There is certainly 
no business like show business as far as they 
are concerned. 

From a spectacular point of view, most people 
will agree that the immaculate display of 
aerobatics by the RAF Treble One squadron of 
Hunters (the Black Arrows) stole the limelight. 
From the more mundane engineering viewpoint 
there was, of course, lots to be seen and in order 
to bring out some of the interesting features of 
the aircraft (as distinct from missiles) the subject 
matter is grouped so that the first page deals 
with the unusual: the Fairey ‘“ Rotodyne,” the 
Saunders-Roe SR-N1 ‘“ Hovercraft,” and the 
Short vertical take-off SC-1. The second page 
is a visual treatment of the more conventional 
turboprops, turbojets, helicopters and piston 
engine craft. 


Fairey Rotodyne 


_The first impression of this vertical take-off 
airliner (which is anything but beautiful to look 





(Above) Short SC-1 vertical take-off aircraft. 


(Below) Saunders-Roe SR-N1 “ Hovercraft”. 
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at) is that it is a noisy visitor from outer space. 
The machine takes off vertically helicopter- 
fashion and then flies forward as a fixed-wing 
craft. The prototype cruises at 185 m.p.h. with 
48 passengers and an all-up weight of 38,000 Ib. 

This means that, on the London to Paris run, 
for instance, the production model (which will 
be larger and faster than the prototype) could 
take off fully loaded from a suitable site in the 
heart of London and touch down in the centre 
of Paris an hour later. At about the same time, 
in fact, that passengers for fixed-wing aircraft 
would be arriving by bus at London Airport 
(if they were lucky). 

The 48-seater prototype now flying has two 
Napier Eland propeller-turbines (each of 2,800 
s.h.p.) on the fixed wing and four Fairey 
pressure-jets at the tips of the 90 ft diameter 
rotor. Incidentally it was interesting (but not 
surprising) to see how much downward deflection 
there is at the tips of the rotor blades when the 
machine is at rest on the ground. 

The machine operates like this: at the rear 
of each wing engine there is an auxiliary com- 
pressor for taking in air from above the wing. 
This air is ducted through large pipes to the 
hub of the rotor and then fed into the blades 
themselves through three pipes leading to the 
tip pressure-jets. These operate like the com- 
bustion chamber of a jet engine; the compressed 
air is mixed with kerosine (also fed through 
a pipe inside each blade), the resulting combustion 
at each blade tip producing the rotor thrust. 

This direct method of driving the rotor has the 
advantage that no mechanical shafts or gears 
are needed. Its disadvantage (at present, any- 
way) is the noise it makes, but some form of 
noise suppressor will no doubt be developed as 
a result of the work that is now going on in 
this field. 

When the rotor is running at full speed, the 
aircraft takes off vertically and climbs as a 
helicopter. As height is gained the propellers 
are gradually changed to forward positive pitch 
to increase the forward speed. Clutches are then 
disengaged so that the air supply to the rotor is 
cut off and the tip jets extinguished. All the 
engine power then drives the propellers and the 
“ Rotodyne ” flies like a fixed-wing type, the 
rotor being left to ** windmill.” 


Hovercraft 


The Saunders-Roe SR-N1 “ Hovercraft” is 
an experimental aircraft that looks for all the 
world like a merry-go-round without horses. 
Unlike the aircraft or helicopter, it flies on an 
air cushion about a foot from the ground, the 
forward speed being about 25 knots. Jets 
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around the periphery of the craft are directed 
downward and inward. These build up a 
curtain of air at a pressure just above atmo- 
spheric. The force needed to bend the jets 
outward determines the magnitude of the 
cushion pressure, a value which is found by 
integrating the change of momentum around the 
curtain. The craft has inherent stability because 
the cushion pressure increases as the craft 
height decreases, while there is a loss of lift if 
the aircraft should exceed the design height. 

An Alvis Leonides engine drives the four- 
bladed axial fan that supplies air for the lift 
curtain. Propulsive thrust is from two fore-and- 
aft horizontal ducts to which air is bled from the 
main curtain supply. Aircraft type controls 
(movable surfaces, that is) are fitted at the 
openings of the propulsive ducts, and valves at 
the T-junctions of the ducts direct the flow 
forwards (or backwards) to give fore and aft 
control. Other controls in the curtain ducting 
are for pitch and roll. The pilot has a rudder 
bar and a lever for each hand: the one on the 
right controls fore-and-aft motion, the one on 
the left, pitch and roll. 

As regards future development, one of the 
next steps could well be a 40 ton craft (the present 
craft weighs just over 3 tons) or even a 100 ton 
cross-channel ferry cruising at 90 knots with 
300 passengers and operating up to 4 ft above 
the water. 


Short SC-1 

This vertical take-off aircraft (in a way, a 
development of the Rolls-Royce “ Flying Bed- 
stead’) was designed to explore the range of 
flight from hovering to conventional forward 
flight. It is a delta wing craft with five small 
Rolls-Royce RB108 engines, four of which are 
disposed vertically in two rows in pairs (like 
a 4-bottle container). These point downwards 
to give a vertical thrust for lifting the aircraft 
off the ground. They can, however, be tilted 
to help the fifth engine (in the rear) propel the 
aircraft forward. (ENGRG., 11 Sept.’ 59, p. 189). 

Air bleed from the compressors of the 4-engine 
group feeds nozzles at the front and rear and 
on the wing tips. Valves are fitted to these 
nozzles so that the pilot can control the flow of 
air (and hence the nozzle thrust) by a con- 
ventional stick control. 

The aircraft has completed flight trials and 
has also been successful in free vertical take-off. 
Unfortunately, the machine was unable to fly 
one day at the Farnborough Show because it 
had gorged itself on new-mown hay. The next 
stage in the development is the transition from 
hovering flight to forward flight (or the 
obverse). 
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An_ interesting design feature of the Vickers This Dart-engined version of the Handley Page The Armstrong-Whitworth “Argosy” (all-up 
. Vanguard is the double-bubble fuselage, with Herald” branchliner is a high wing machine weight 82,000 lb) transport is a twin boom design 
the freight holds under the passenger floor. with a cruising speed of 275 m.p.h. with large fore-and-aft freight doors in the fuselage. 
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A high speed strike aircraft designed for low level The English Electric “ Lightning” all weather 
flight to avoid radar detection, the Blackburn fighter and its two-seater trainer version, the P11 
NA-39 carries special map plotting equipment. are Britain’s two fastest aircraft. 


In service with the Royal Navy as a carrier-based 
early warning radar aircraft, the Fairey 
“Gannet”’ has a bulbous belly for the scanner. 








The Ayro “ Vulcan” B2 is fitted with dual- The Bristol 192 twin-rotor helicopter (all-up This view shows the Bristol 192 transporting the 
purpose control surfaces to overcome buffeting weight 18,000 lb) has a Napier “ Gazelle” at Royal Air Force “ Bloodhound” surface-to-air 
effects. It has four Bristol-Siddeley Olympus. each end of the fuselage. It can carry \8 troops. missile, complete with trolley. 








“ 


Powered by two Alvis ** Leonides”’ piston engines, Fully aerobatic, and popular for sport and training, The “ Beaver’’ was designed by de Havilland 
the Scottish Aviation ‘*‘ Twin Pioneer”? can be the Auster “‘Aiglet”’ is powered by a DH “* Gipsy Aircraft Co. (Canada) Ltd. This one is powered 
used in underdeveloped areas. Major’ 10/2 of 145 h.p. by an Alvis ** Leonides.” 
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Ship to Shore 


T is interesting to observe that although land 
based power stations are today in a much 
more advanced stage of development than marine 
reactors, there have been no successful marine 
adaptations of land based prototypes, whereas 
there are several examples of the opposite. 
Shippingport is essentially an extension of the 
Nautilus power plant; the General Electric 
Company in this country are preparing designs 
of land based stations derived from their marine 
reactor; and General Dynamics, although 
primarily aiming at marine propulsion with 
their MGCR (Marine Gas Cooled Reactor), 
keep the possibility of land adaptation in mind. 
The trend is perhaps less surprising than might 
appear at first glance: it is almost axiomatic that 
equipment designed for marine use will perform 
well on land, whereas the converse is not 
necessarily true. 


Gas Turbine Cycle 


The four proposals reviewed below are all intended 
for closed-cycle gas turbine applications and have 
been described in the proceedings of an information 
meeting on Gas-Cooled Power Reactors (USAEC 
TID-7564.) It is estimated that the closed-cycle gas 
turbine, even if provided with regenerators and inter- 
coolers and other tricks known to raise its thermo- 
dynamic efficiency, cannot ae with the steam 
cycle if operated below 1,300° F (700° C) due to its 
poor component efficiencies. Between 1,300 and 
1,400° F, the higher average temperature at which 
heat is extracted from the working fluid in a gas tur- 
bine compensates for the lower component efficiency 
and higher average temperature of heat rejection, and 
the two cycles break even. As a consequence, 
1,300° F was chosen as the minimum gas outlet 
temperature, bringing the reactor well into the high- 
temperature range. The resulting thermodynamic 
efficiency is 32 per cent. If conventional fuels are 
used, the efficiencies of the two cycles are not directly 
comparable because for trouble-free operation a more 
expensive fuel must be used in the gas turbine than is 
possible in a_ boiler. Nuclear heating removes 
many objectionable features of the gas turbine and its 
reliability should be comparable to that of an aero- 
engine. (See Atomic Review, 18 July °58 and 
10 Jan. °58.) 


Marine Plant with 30 per cent Efficiency 


General Dynamics undertook the design study of 
nuclear ship propulsion based on the high-tempera- 
ture enriched uranium gas-cooled reactor. The net 
output of the two-shaft turbine is 20,000 s.h.p. from 
the low pressure, and 750 h.p. for auxiliaries from the 
high-pressure turbine, which also drives the two- 
stage intercooled compressor. Allowing suitable 
efficiencies for the reduction gears, and using 30 per 
cent over-all cycle efficiency, the thermal output of 
the reactor is approximately 50 MW. The reactor 
is at the lower end of the range commonly denoted 
by “‘ small power reactors,’ a range in which lack of 
development has been so much lamented in recent 
appraisals of Britain’s nuclear efforts. 


Several Moderator-Coolant Combinations 


The study is perhaps unique in that four moderator 
coolant combinations falling into two distinct groups 
were investigated in detail. Table I shows their 
parameters, while Table II is a performance com- 
parison. One group, comprising graphite-helium 
and graphite and carbon dioxide reactors, operate 
at 1,000 Ib per sq. in; the other group uses carbon 
dioxide coolant with light water or zirconium 
hydride (ZrH) moderator at 2,000 lb per sq. in. A 
certain amount of standardisation was possible by 
designing only two pressure vessels, one for each 
group, and adapting them with minor modifications. 
Similarly, the same fuel element is used for all four 
reactors: a stainless-steel clad cluster of uranium 
oxide rods designed for a maximum surface tempera- 
ture of 1,500° F (816° C) and a heat flux of 100,000 
Btu per hour per sq. ft. In order to assist with 
heat transfer from the highly rated elements, the 
_ is mixed with diluent in the ratio of one to 
our. 


Graphite Moderator 


Fig. 1 shows a schematic view of the helium- 
cooled graphite moderated reactor core, which is 
identical in its details with the carbon-dioxide cooled 
version. The chief difference between the two 
reactors, apart from those arising from the difference 


in thermal properties of the two gases, is that helium 
cooling, it is hoped, will permit the use of unclad 
graphite moderator. Helium, although inert in 
pure state, contains impurities in its commercial 
form which will react with graphite at the high tem- 
perature considered. As the cost of helium is 
already quite high, the need for further refine- 
ment would materially affect the reactor economy. 
Studies are under way to identify the most offensive 
impurities and to develop methods for their cheap 
removal. Hot-trapping on copper chips appears to 
show some promise. For the carbon-dioxide cooled 
reactor, moderator cladding to prevent mass transfer 
of graphite is essential. Here the difficulty is the 
selection of a suitable high-temperature cladding 
material that will resist corrosion on one surface 
and carburising by graphite on the other. Ferritic 
steel appears to be suitable up to 1,500° F but its 
value at a higher temperature is doubtful owing to 
corrosion on the gas side. It is believed that 1,500° F 
is the limit of development for the carbon-dioxide- 
graphite reactor with the present state of knowledge. 
Above 1,500° F, helium, in purer form than at present 
available, must be used. The rigidity resulting from 
the compactness of the graphite core is considered to 
be‘an adequate safeguard against damage by shocks 
sustained by the ship. 


Higher Pressure 


The water and zirconium hydride moderated 
reactors shown in Figs. 2 and 3 come into a different 
category from the graphite reactors. The improved 
moderator results in a more compact core, which 
partly necessitates, partly enables the use of a higher 
coolant pressure. The water moderated reactor 
core resembles an old-fashioned fire-tube boiler: the 
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Fig. 1 MGCR helium-cooled graphite core. 
moderator tank is pierced by a number of tubes 
which receive the fuel, control rods and the coolant. 
The chief objection to the water-moderated gas- 
cooled reactor as ship propulsion plant arises from 
the need to insulate the moderator from the coolant. 
A temperature gradient in the order of 1,000 
must be maintained across a barrier that has to be 
thin to prevent thermal stressing, and robust to 
resist acceleration loads. Problems of structural 
strength are overcome by the use of the solid 
moderator zirconium hydride at the cost of facing 
a host of new difficulties, such as moderator swelling, 
hydrogen migration and loss, and moderator cooling. 
In view of these difficulties, and in view of the high 
cost of zirconium hydride, development beyond 
the design study stage is not considered for the 
reactor, although the moderator is promising. 


Weight Reduction 

For mobile power plants there is a disproportionate 
premium on weight. General Dynamics had this 
in mind when they decided to investigate the water 
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Fig. 2, MGCR light water moderated core. 


and zirconium hydride moderated reactors. Table I 
shows that the weight of the water-moderated reactor 
is less than half of the graphite-moderated version. 
It required detailed design of the entire propulsion 
plant for all four reactors to show that in spite of 
the difference in core weight there is only an in- 
significant difference in specific weight (lb per s.h.p.). 
The high-pressure reactors suffer the consequences 
of higher rotational speeds required for the turbo- 
machinery; the reduction gear, a major item, weighs 
some 75 per cent more. A feature of the proposals 
is the use of the fuel oil tanks for the auxiliary 
propulsion plant as secondary shielding. (‘‘ Fluid 
load’ in Table 1). As simultaneous or alternating 
operation of the two plants is not anticipated, this 
appears to be an acceptable measure of economy. 


Fuel Costs 


Table II shows an analysis of the fuel cycle cost 
of the various reactor proposals. Due to certain 
assumptions the comparison is not sufficiently 
accurate to tip the balance in favour of any one 
scheme. The principal element in the determination 
of fuel costs appears to be the ability to operate at 
high burn-up, while differences in neutron economy 
have relatively little effect. It is concluded that the 
fuel costs of the MGCR are acceptable provided 
the reactors can be designed with high initial excess 
reactivity and operated to very high burn-up. 


Safety at Sea 


Since fuel and capital costs of the propulsion 
plants do not show clear differences, the safety 
aspect will control the choice. The thermal storage 
capacity of a highly rated gas-cooled reactor is so 
small, that failure of the coolant circulation will be 
followed by melting of the fuel elements in a very 
short time. From this point of view the combination 
of graphite moderator and helium coolant is far 
superior since the storage capacity of the unclad 
graphite is added to the total. In water and 


zirconium-hydride combinations the _ insulation 
between moderator and coolant prevents heat 
transfer from the overheating elements. As a con- 


sequence, while a minute may elapse between a power 
excursion and the need to institute emergency 
cooling in a graphite-helium reactor, the available 
time is only a few seconds in a water-carbon-dioxide 
system. Further improvement in reactor safety 
would result from the use of a homogeneous graphite- 
moderated core which would lower peak tem- 
peratures during a power excursion. Future work is 
to be concentrated on this concept, and several 
homogeneous uranium-graphite specimens are under 
irradiation testing. 
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Tanie 1.—Comparison of MGCR Propulsion Plants 
—_—— 7 _ - 7 ai j . - _ _ 
Moderator graphite | graphite | H,O ZrH 
Coolant .-| helium | CO, co, co, 

jant pressure, 
Coon b per sa. in | 1,000 | 1,000 | 2,000 | 2,000 
ht and diameter | 
ree, 0 | 8-37 8-37 5-08 5-00 
Reactor vessel dia- 
meter, {i --| 10-4 | 10-4 7:43 7:28 
ctor vessel | 
- height, ft | 21-1 21-1 16-7 15-0 
tor weight, 
— tons 173 173 80 99 
bomachinery, 
so tons 15 17 14 14 
Reduction gear, tons | 134 111 175 175 
Fluid load, tons 235 244 241 241 
Total machinery, 
tons 2,017 2,018 1,915 1,869 
ific weight, 
_ Ib per s.h.p. 201 214 192 187 
Tasie I1.—Comparison of MGCR Nuclear Performance 
Moderator .. graphite | graphite | H,O ZrH 
Coolant helium co, co, CO, 
Enrichment, 
per cent 27:3 26°8 6:0 5-75 
Initial loading: 
U235, kg .. ess 128-3 146°6 108-5 94-0 
U238, kg .. 500 400 1,700 1,541-5 
Number of control 
rods , 28 28 35 40 
Burn-up, atoms fis- 
sioned per initial 
U235 os | O20 0-205 0-292 0-304 
Per cent of fissions 
due to fission of 
Pu 11-7 9-3 9-0 13-5 
Net fuel cycle cost, 
mills per s.h.p. 4-56 5-05 3-81 3-92 
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Fig.3 MGCR zirconium hydride moderated core 


Notes and: News 


Helium Resources in the USA 


The tendency to use helium as a reactor coolant 
by American engineers is explained by the fact that 
most of the world’s known reserves of concentrated 
helium lie in the natural gas fields of Texas. In 
these fields the gas bearing strata overlie granite 
from which heliu'n has been released by the radio- 
active decay of uranium. The annual production of 
helium in the United States is estimated to be 330 
million cu. ft free volume, which is only about 
10 per cent of the recoverable helium used annually 
in thermal plants. In contrast, the helium investment 
in a gas-cooled, graphite-moderated power reactor 
is about 1 million cu. ft, or 1 cu. ft of gas per thermal 
kilowatt. 
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Study of Severn Sites 


An investigation of the Severn estuary by means 
of a large scale hydraulic model is to be undertaken 
by the Hydraulics Research Board, Department of 
Scientific and Industrial Research. The aim of the 
study is an assessment of cooling water supply and 
the effects of cooling water circulation, in connection 
with nuclear power stations, with a view to assisting 


“in site selection. 


Nuclear Process Heat 


The possibility of using reactor heat for chemical 
processes is being investigated by the United States 
Bureau of Mines. The heat transfer medium between 
the process and a gas-cooled reactor would be helium. 
A promising application is the reforming of methane 
as a first step in ammonia production. Nuclear 
process heat has the distinct advantage that the very 
considerable methane stack losses of other methods 
are eliminated. Coal gasification, of importance in 
oil-poor countries with abundant coal resources, is 
even more attractive. It is estimated that nuclear 
process heat becomes competitive at $1-23 per 
million Btu in methane reforming, and at $0-71 
when applied to coal gasification. (Also see “* Pro- 
ductive Uses of Nuclear Heat “serics: Report on 
Nuclear Process Heat in Industry, National Planning 
Association, Washingt »n 9, DC, price $1-25. 


Constant Speed Circulator Drive 


A feature of the Oak Ridge National Laboratory 
gas-cooled reactor is the use of a constant speed a.c. 
gas circulator drive similar to that proposed by 
Atomic Power Constructions for Trawsfynydd. 
Control of reactor temperature at partial load is by 
recirculation. The reasoning is very similar in both 
cases: the reliability, low cost, and high full-load 
efficiency of the drive far outweigh the disadvantages 
of poor partial load efficiency caused by recirculation. 


High Density Lead Shield 


The production of high density lead shielding 
bricks by the pressure moulding technique is 
announced by British Lead Mills Limited. The 
technique is claimed to result in reduced porosity. 
The interlocking bricks are produced in 2 in and 4 in 
sizes, and the full range of top, bottom, corner, half 
and quarter bricks is available. 


Nuclear Contracts for French Shipyards 


A third French shipyard, Chantier Navales de la 
Pallice, have announced their intention of moving 
into the nuclear engineering field in an attempt to 
diversify in the face of a shipbuilding slump in 
France. The company plans to participate in the 
construction of an atomic plant at Cadarache, in 
southern France. Pioneers of the move were the 
shipyards Chantier de l’Atlantique (Penhoét-Loire) 
and Société des Chantiers Reunis Loire-Normandie, 
who under the joint name Loire-Penhoét partici- 
pated in the construction of the reactor EL-3 at 
Saclay. 


Smokeless Heat 


The possibility of eliminating smoke and un- 
sightly coal storage piles are cited as advantages of 
nuclear heat generation. A symposium, conducted 
by the US Atomic Energy Commission at German- 
town Md. on | October, 1959, will consider recent 
developments in low-temperature process heat reac- 
tors and the extent of industrial interest in their 
appuication. 


Powell Duffryn Machine Graphite 


Graphite machining techniques have been under 
development at Powell Duffryn Carbon Products 
Limited for at least two years. It is announced that 
Mr. F. W. Stokes, who has now been appointed to 
the board of directors, had veen in charge of the 
design of the special tools and equipment required 
for the machining of nuclear graphite. 


UKAEA Reactor Material Manuals 


Four manuals, covering the properties of uranium, 
thorium, niobium and vanadium, have been pub- 
lished by the UKAEA, Industrial Group, and are 
now available from HM Stationery Office. The 
material was compiled by E. L. Francis, and covers 
physical, mechanical, chemical and irradiation pro- 
perties of the metals and their more important alloys. 
(Uranium Data Manual IGR-R/R-287; Thorium 
Data Manual IRG-R/R-303; Niobium Data Manual 
IGR-R/R-304; Vanadium Data Manual IGR-R/ 
R-306.) 


Reduced Containment Cost for PWR and BWR 
A novel concept of ultimate containment for 
pressurised-water and boiling-water reactors is being 


investigated by Sargent and Lundy of Chicago, 
Illinois. If successful, the results may lead to 
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radically reduced capital costs. A double pressure 
vessel construction is employed, where the interspace 
between the two shells is filled with water. In the 
absence of water, a rupture of the inner shell would 
lead to a discharge of large quantities of flash steam 
at considerable pressure. The outer shell has to be 
designed to withstand this pressure. In the presence 
of water some condensation occurs following rupture, 
and the pressure on the outer shell is greatly reduced. 
In a recent test a 12 in rupture was precipitated in 
the walls of a drum containing 9,000 Ib of boiling 
water at 600 lb per sq. in pressure. The pressure on 
the outer shell rose only to 3 lb per sq. in instead of 
an estimated 135lb per sq. in without the water 
layer. 


Exotic Reactors Again 


A research contract to study the feasibility of the 
graphite-moderated boiling-sulphur reactor has been 
awarded to Aerojet-General Nucleonics by the 
USAEC, under the New Reactor Concepts Program. 
Boiling sulphur is advanced as a suitable coolant on 
the basis of experience in the oil and chemical 
industries, where the problems associated with its 
handling have been overcome. It is claimed that 
the reactor has a potential of 50 per cent thermal 
efficiency, or slightly less than twice that of present 
power plants. (See Atomic Review last 21 August.) 


European Guide to Courses 


The OEEC European Nuclear Energy Agency has 
just published a new edition of its Catalogue of 
Courses on Nuclear Energy in OEEC Countries. 
The catalogue, covering the 1959-60 academic season, 
gives details of training courses in subjects relating 
to nuclear energy in some 150 Western European 
universities, technical high schools and research 
centres. It is designed to help science and engi- 
neering students who wish to acquire a better know- 
ledge of nuclear subjects to find out what training 
facilities are available. The catalogue contains: 
a list of establishments where courses are given on 
subjects relating to nuclear energy; syllabuses of the 
main courses on nuclear physics, chemistry and 
engineering, with details as to lectures, length of 
courses, and terms of admission and diplomas 

obtainable; and information concerning the prin- 
cipal items of nuclear physics and engineering 
equipment available for training in each establish- 
ment. Copies of the catalogue can be obtained on 
application to the OEEC European Nuclear Energy 
Agency, 38 Boulevard Suchet, Paric 16éme. 


US Atomic Industry Directory 


Publication of its 1959 Atomic Industry Direc- 
tory of Products, Equipment and Services is 
announced by the Atomic Industrial Forum 
Incorporated. Product and service “ profiles ”’ 
of more than 220 industrial organisations active 
in the development and utilisation of atomic 
energy are provided, including manufacturers 
processers, architect-engineers and constructors, 
consultants and suppliers of technical research 
services. Products, equipment and services are 
listed under 40 major classifications and more 
than 130 subcategories. 


Baghdad Nuclear Centre Open 


The nuclear centre of the Baghdad pact at Tehran 
University has been opened by the Shah of Persia. 
The centre is a joint enterprise to train nationals of 
member states in the peaceful applications of nuclear 
energy. Sir John Cockcroft has been elected 
president of the pact’s scientific council. 


New Medical Reactor 


The Walter Reed Army Medical Centre in Wash- 
ington DC is to receive a 50 kW reactor for research, 
the treatment of disease, and the production of radio- 
isotopes. The graphite reflected homogeneous reac- 
tor core contains 9 gallons of uranyl sulphate in 
aqueous solution. The reactor is to be built by 
Atomics International, and will be similar to reactors 
installed in Chicago, Tokyo, Frankfurt and West 
Berlin. 


Swedish Research Centre 


The construction of the Swedish nuclear research 
centre at Studsvik, south of Stockholm, is well 
advanced, and much of the plant will be in use by 
autumn this year. The research reactor R2, the 
smaller 100kW _ version R2-O, the zero-energy 
reactor RO, and the high-active materials laboratory 
will be ready at that time or early next year. R2 is 
considerably behind schedule, and aluminium welding 
problems may cause further delays. The station will 
cost about kr 100 million (£7 million) and will ulti- 
mately employ 1,000 research workers, engineers and 
technicians. 





















































































































MOTOPIA—WHERE TRAFFIC AND PEDESTRIANS NEVER MEET 


The proposal to build Motopia around the 
disused gravel pits and in open land immediately 
west of the Staines reservoirs, 17 miles west of 
London, offers no insuperable difficulty. It 
provides a stimulating exercise in modern town 
planning. 

The object is to create a new town for 30,000 
inhabitants in which pedestrians and vehicular 
traffic never meet. In Motopia pedestrians would 
have complete freedom at ground level to move 
around without the nearby threat of fast moving 
traffic. All the town’s roads would be at roof 
level, above continuous residential terracing, 
which is arranged in a rectangular grid pattern. 
The roads would be restricted entirely to vehicles. 
A good idea of the layout of the town and 
disposition of roads, accommodation and facili- 
ties is given in the two illustrations. 

The residential terraces and other principal 
buildings would be constructed with conventional 
steel or reinforced concrete box frames. The 
terraces comprise a ground floor for miscellaneous 
uses and covered footway; first, second and 
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modernisation of Soho, London; a full-scale 
shopping and recreational centre, Highmarket, 
for a densely populated region in the Midlands 
where people at present have to make long 
journeys into existing towns for such services. 
Skyport One was the third project put forward 
by the committee; it suggested a large helicopter 
air terminal on the top of a skyscraper with an 
enlarged roof, and included such facilities as an 
hotel, restaurant and offices. 

The principal road link for Motopia to and 
from the national road system would be by a 
new motorway alongside the new town and 
connecting the A30 at the existing roundabout at 
Egham with the A4 to Bath; the route into 
London would be over the new overhead road 
to Chiswick flyover. From the motorway 
incoming traffic would use rising ramps (1 in 12) 
to reach, first, a market car park at 30 ft and 
then roof level where the town’s road system is 
located at a constant level of 50 ft above the 
ground. The grid on which the town is planned 
is spaced at about 1,200 ft by 800 ft and at all 


Motopia is a hypothetical town near London. There the roads are built entirely at roof level 
and are restricted to road vehicles only. Living accommodation and amenities are built into 


the terraced buildings below the roads. 





third floors would provide space for flats and 
maisoriettes of from one to six or more rooms; 
the fourth would be for mews parking, and access 
roads; at the roof level are the roadways avail- 


able only for traffic. Lifts and stairways would 
give access from mews level to ground floor and 
ramps will allow traffic to get on and off the 
roadways to the parking and access areas on the 
fourth floor. 

In addition, the scheme allows for eight 
15-storey blocks of flats and an administrative 
block of 20 storeys. In all cases these tall 
buildings are to be built to straddle the roadway 
system so that traffic retains the full freedom of 
movement provided by the grid system. At 
each road junction roundabouts—about 100 ft in 
diameter—eliminate sharp right and left-hand 
turns and offer accommodation for centralised 
facilities such as shops, clubs, churches, clinics 
and soon. At ground level, on the patio within 
the roundabouts, space will be available for open 
air markets. 

Motopia is the fourth project conceived by 
the Glass Age Development Committee that is 
sponsored by Pilkington Brothers, the glass 
manufacturers. The committee of three com- 
prises Ove Arup, the consulting engineer, and two 
architects, G. A. Jellicoe and Edward Mills. The 
first suggestion for Motopia is credited to Mr. 
Jellicoe and the details of the project have been 
worked out by himself and members of his firm 
of Jellicoe, Ballantyne and Coleridge. Earlier 
schemes put forward by the Glass Age Develop- 
ment Committee were Soho 2,000 A.D., for the 


the roundabout junctions are access ramps 
leading down to the mews parking level on the 
fourth floor at 40 ft. 

The roof-level roads all have dual carriageways, 
each 17 ft wide and cambered towards the centre 
to provide drainage. Double concrete curbs 
and barriers 3 ft 6in high flank either side of 
the roads and adequately safeguard any vehicle 
from going over the edge. Normal curbs and 
hedges would divide the traffic lanes. Little 
noise is likely to reach people living or working 
below the roads, partly because of the absorbing 
effect of the intervening fourth floor where 
vehicles would be parked but also because the 
designers’ propose to make full use of the 
insulating effects of glass fibre throughout the 
buildings. It is believed unlikely that inhabitants 
would even be aware of noise or movement from 
the roads above. 

Future transport has not been forgotten either. 
Around the perimeter of the town stages are 
provided for VTOL (vertical take-off and 
landing) aircraft. Noise disturbance caused by 
these aircraft would be minimised by not per- 
mitting them to proceed directly above the 
town, at least not below a certain altitude. 

As can be seen from the general view there is 
plenty of space for gardens, and the planners 
have gone so far as to utilise the water-filled 
gravel pits as lakes and to link them by canals 
on which water buses could operate. Indeed, 
in no less than 15 of 35 roundabouts water-bus 
stops would be provided. 

Altogether the scheme involves an area of 
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about 1,000 acres and represents a gross density 
of about 30 persons per acre; the net dengj 
of the dwellings and private gardens is about 
100 persons per acre. The committee haye 
estimated the cost of the project as £60 million 
and, with some experience, are able to say that 
the dwellings would be no more expensive than 
the housing in tall buildings for a similar popula. 
tion recently built by the London County 
Council. With a rental of about £100 per capita 
the sponsors estimate the total scheme (including 
an unstated figure for commercial rentals) would 
show a return of about 7 per cent. This figure 
is arrived at after providing “free” air cop. 
ditioning, car parking and normal amenities of 
the project. 

The town centre has been laid out for shopping 
and entertainment for a catchment area within 
a radius of 10 miles. Offices are available for 
3,000 persons, as well as accommodation for 
a few service industries such as bakeries and 
laundries. The principal shopping area the Great 
Stoa, is planned along the eastern flank of the 
town, and is arranged on the German pattern of 
arcades on the ground and first floors. (It is 
here that the committee hope that their glass- 
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making sponsors will get their money back, 
for in this area massive sheet glass windows— 
Float glass for preference—are proposed.) Also 
in this area (and not wanting to waste any good 
ideas) the planners propose to install moving 
pavements and Paternosters—vertical lifts moving 
on a continuous band—both of which they 
claim are working well elsewhere. 

Within the area considered it has been possible 
to give every dwelling a double aspect and so 
ensure that no living room in Motopia need 
face north. Private gardens—1,350 in number— 
could be made available to those residents who 
wanted them; 900 gardens measuring about 
150 ft by 25 ft face south and the remainder, 
considerably smaller at 50 ft by 25 ft, are divided 
equally between facing east and west. Schools, 
public houses, churches (seven in number, 
denomination unspecified) and a theatre have 
not been forgotten and provision made on a good 
statistical basis. 

It is easy to jeer at such schemes. Motopia, in 
principle, could be adapted to house from 30,000 
to 60,000 people. It could be built on any site 
that is reasonably flat and mostly free of existing 
buildings. The first reaction to reject the idea 
is founded on little more than its unusualness. 
Structurally, there is nothing difficult—indeed, it 
could be easier—to build good road _ surfaces 
well above ground level. Not all the road 
accidents involve pedestrians, but a great number 
do and taking road transport from among the 
other activities of today would do nothing but 
decrease road casualties. 
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Expensive Inaccuracies 
in House Building 


In some experiments on alternative methods of 
house construction, measurements were checked 
in 28 houses built on three different sites. The 
houses were constructed of clinker concrete 
blocks and factory made components, and the 
checks were concentrated on a room having two 
walls of concrete blocks between which factory 
made partitions were fitted. It was found that 
the width of the room varied by more than 1 in 
and the height by 2in; walls were also found 
to be out of plumb by as much as lin. These 
differences in dimensions caused serious fitting 
problems with the factory made components. 

These experiments are noted in Building 
Research 1958, the annual report on the work 
of the Building Research Station, published for 
DSIR by HMSO (5s 6d). The report goes on 
to observe that the successful development of the 
use of such components requires closer attention 
to dimensional accuracy [in site work] if expensive 
cutting and packing on site are to be avoided. 

The Station’s work on materials—particularly 
for bricks and lightweight aggregates—and on the 
design and performance of structures, continued 
during the year and is dealt with in the report. 
Much is also being done on efficiency of building 
in terms of heating and ventilating, lighting and 
insulation, and these topics are discussed. 

In the report of the research board, which 
precedes the director’s report of work of the 
Station, an appeal is made for the building and 
civil engineering industries to give greater 
financial support. It is emphasised, however, 
that the selection of research projects must be 
guided by the overall contribution that can be 
made to building technology rather than the 
prospect of financial support. 


Dorman Long Win 
Large Bridge Contracts 


An order worth $2 million for bridgework at 
Saigon in Vietnam has been secured from 
American sources by Dorman Long (Bridge 
and Engineering) Limited. The contract, which 
was also sought by American and Continental 
companies, involves the supply of 5,500 tons of 
steelwork which will be fabricated at the com- 
pany’s bridge and constructional works in 
Middlesbrough. 

The company have also successfully tendered 
for the supply and erection of steelwork for the 
Thelwall bridge and approaches over the Man- 
chester Ship Canal and the River Mersey, for 
which the main contractor is Leonard Fairclough 
Limited, Adlington. The main contract is 
valued at £54 million and the steel subcontract 
over £14 million. The total weight of steel 
involved is about 11,250 tons; for the larger 
spans, over the Ship Canal, riveted construction 
is to be used, but the shorter spans over the 
Mersey and the approaches will be welded. 


British Standard 
for Broad Flanged Sections 


The British Standards Institution has published 
BS 4B 1959—Broad Flange Beams, Universal 
Beams and Column Sections—price 8s 6d (postage 
extra to non-members). 

With this new standard, the Institution has 
dropped the “letter and number” designation 
it previously used for rolled steel sections. 
Instead, the standard follows common practice 
and refers to sections by the leading dimensions 
and weight per foot run in pounds. 

The standard gives dimensions, section proper- 
ties and tolerances for 20 different broad flange 
beams, 44 universal beams and 27 universal 
column sections. 


British Constructional Work 
Overseas Worth £120 million 


In the 12 months to March, 1959, British con- 
tractors carried out £120 million of work 
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overseas. More than 60 firms were involved, 
working in 65 countries. The value of the work 
is the highest since the Ministry of Works 
began their surveys of overseas activity in 1954. 

During the same period new contracts gained 
amounted to just under £115 million. There 
has been a great increase in work obtained in 
tropical Africa and the value of works in hand 
at the end of March in this area was £13 million 
up on the previous year. Information about 
proposed construction work overseas and for 
which contracts are soon to be issued is given in 
notices issued by the Export Services Branch of 
the Board of Trade. 


$7,500,000 Contracts 
on Welland Canal 


The capacity of the Welland canal is to be 
increased by 25 per cent by new works to be 
undertaken this autumn. This has been neces- 
sitated by the opening of the St. Lawrence 
Seaway. 

The new work, which is expected to cost about 
$7,500,000, involves the construction of addi- 
tional tie-up walls that will shorten the time that 
locks stand idle while awaiting the entry of a 
ship after the clearance of a vessel travelling in 
the opposite direction. About 7,000 ft of new 
wall are to be built during the coming winter 
and they are expected to be finished for the 
opening of navigation in April, 1960. Contracts 
will be called for in mid-October. 


High Speed Road Laying 

in Britain 

During the construction of the Watford leg at 
the southen end of the London-Birmingham 
motorway a highway paving record for Britain 
has been broken. A total of 1,200 ft of 26 ft 
wide carriageway has been laid in eleven hours, 
about 110 ft more than the previous best. The 
contractors are a consortium of Cubitts-Fitz- 
patrick-Shand. To lay the 1,200 ft of carriage- 
way about 2,000 tons of material had to be 
handled, weighed and mixed, placed and con- 
solidated. The value of the plant in the concrete 
“train ’’ is about £150,000. 


Supports for 
Tunnel Roofs and Walls 


Protection against minor falls in tunnels is 
provided by a support made by Causeway 
Reinforcement Limited. The support is made 
of flat bars (24 in by 7% in) covered back and 
front by 3 in square mesh of 6 swg mild steel wire. 
A standard unit is 3 ft 9in wide and has four 
symmetrically disposed bars at 12 in centres, so 
that there is a 44 in overlap of wire mesh at each 
side. Mesh and bars are secured and locked 
with 16 swg clips which are used to fix the sup- 
ports to rigid frames. The form of the support 
is well suited to the placing of a thin concrete 
skin which will offer little resistance to air flow 
for ventilation; conventional steel arches used 
in series can make for difficulties in this respect. 

Causeway Reinforcement is a member of the 
Amber group of companies; their address is 
Five Ash Works, Dover Road East, Northfleet, 
Kent. 


Proving Tests on 
Structural Hardwoods 


To cover the lack of data about hardwoods 
that might be used for structural purposes the 
Timber Development Association have begun 
a research programme to determine which 
species are suitable. To date three reports have 
been prepared and copies can be obtained 
(price 3s 6d each) from the TDA head office at 
21 College Hill, London, EC4. 

The first report (E/IB/1), Hardwood for 
Structural Purposes summarises known know- 
ledge and gives comparative information in 
tabular form about 35 hardwoods available in 


the country, including a breakdown of imports 
so that supply conditions can be estimated. 

The other two reports are concerned with 
static bending tests on keruing and red meranti 
(bulletin E/TR/2) and on utile (E/TR/14). The 
permissible working bending stress in keruing 
was found to be 2,400 lb per sq. in and in red 
meranti 2,000 lb per sq. in. Utile, it was con- 
cluded, was not suitable for all structural purposes 
because of the occurrence of local areas of bad 
graining. 


Kingsferry Bridge 
Ahead of Schedule 


Work is well advanced on the construction of 
the new Kingsferry Lifting Bridge over the 
River Swale, joining the Isle of Sheppey to the 
Kent mainland in south-east England. The 
bridge will be opened to traffic this autumn, 
five or six months ahead of the contract time 
which allowed for completion of the bridge in 
March, 1960. 

The design of the new bridge provides a ver- 
tical lifting span with a clear fairway for shipping 
of 95 ft width. The lifting span is raised on 
four reinforced concrete towers which are about 
130 ft high, to give 95 ft between high water and 
the underside of the raised roadway. 

The 650 ft long bridge is carried on two main 
piers flanked by approach piers and with shore 
abutments on both sides. It will have an overall 
width of more than 50 ft, which will include a 
railway track, a 24 ft roadway and 6 ft pathway. 
The foundations of the main piers go 60 ft 
and of the approach piers some 80 ft below high 
water level. 

The lifting span will weigh 425 tons (and 825 
tons including the counterweights) ;_ electric 
motors are being used to raise the span, which will 
rise to the top of its travel in 14 minutes. The 
new bridge will replace the existing road-rail 
bridge which the contractors will demolish after 
the new one has been opened to traffic. 

The inauguration ceremony was held on 
24 January, 1958, and the towers were com- 
pleted in July, 1959. The main contractors are 
John Howard and Company Limited and the 
sub-contractors for the steelwork are Dorman 
Long (Bridge and Engineering) Limited. The 
contract price is in the region of £1 million. 
About 1,500 tons of steel and 16,000 cu. yd of 
concrete have been used in the construction of 
the bridge. The consulting engineers are Mott, 
Hay and Anderson, London; and the employing 
authority, the Kent County Council. 





Kingsferry Bridge. 














































































































































































Research and Development ” 


ENGINEERING FOR ASTRONAUTICS 


The Soviet rocket’s landing on the moon 
took place against a background of more 
modest astronautical achievements. Cur- 
rent space-vehicle engineering, as described 
at the recent London conferences, is the 
subject of the present article; an initial re- 
port published last week considered remoter 
plans and possibilities. 


Ave the congress organised by the 

International Astronautical Federation had 
its usual very wide range of papers, from purely 
theoretical studies through reports of present-day 
experimental results on to discussions of very- 
much-in-the-future projects, the Commonwealth 
Symposium was characterised by a comparatively 
single-minded approach. This approach was 
‘““What can the Commonwealth do—now?” 
The bulk of the significant papers were con- 
tributed by industry, the topics ranging from 
solid-propellent sounding rockets to the possi- 
bility of launching an all-British satellite. 

On a number of occasions it has been suggested 
that a combination of the Blue Streak inter- 
mediate-range ballistic missile and the Black 
Knight re-entry research vehicle could be used 
to launch a satellite. Indeed, the Government 
has announced that it is studying the possibility 
but has not yet released the results of its studies. 
Interest during the Commonwealth meeting was 
therefore very much centred on a paper by 
G. K. C. Pardoe, who is chief coordinator 
(ballistic missiles) of de Havilland Propellers 
Limited, entitled ‘* General Review of a British 
Space Flight Programme Based on Blue Streak.” 

The lecturer pointed out that although an 
aircraft could take off from a variety of ditferent 
airfields a missile could only be used with its 
own particular launching facilities. Such facil- 
ities were extensive and costly to develop so 
that to keep costs as low as possible it was 
essential to use an already-developed vehicle 
such as Blue Streak in any space programme. 
Fortunately, to accommodate second and third 
stages very little, if any, modification would be 
needed to the launching tower, so that upper 
stages of almost any form could be considered. 

Satellite orbits could broadly be classified in 
three groups: (1) 50 to 150 miles altitude which 
would probably be the most useful height for 
reconnaissance (such an orbit would be of 
limited duration and some propulsion in orbit 
might be needed); (2) 150 to 450 miles (some 
military use for atom bomb surveillance but 
mainly of scientific and commercial interest); 
and (3) 450 to 22,000 miles (24-hour circular 
orbit) (limited military application but good 
probability of scientific and commercial appli- 
cations). The total velocity requirement for the 
most ambitious of these cases would be 37,000 ft 
per sec, but for the lowest orbit only 25,000 ft 
per sec. 

To obtain low costs the Blue Streak was used 
in these project studies in a substautially un- 
altered form. The first and simplest example 
was the addition of a simple solid-propellent 
second stage. This comprised two solid motors 
which were based on existing designs with a 
satellite payload between them; the whole stage 
was covered with a light fairing to reduce drag 
in the early ascent phase and to reduce kinetic 
heating of the payload. An existing military 
intertial guidance system would be used for the 
first stage only. 

The venturis of the second stage would be 
angled to give spin stabilisation and reliance 
would be placed on the inertial guidance to 
place the second stage correctly at the end of 
first-stage firing. Assuming a total weight of 
8,000 Ib for second stage and payload, then a 
suitable velocity increment could be obtained if 
the payload were 1,000lb. Thus an existing 
Blue Streak, with virtually no mechanical or 
system changes, together with an extremely 
simple second stage based on equipment already 


under development could place a 1,000 Ib pay- 
load in a 300-mile orbit. 

Such a simple system would be a means of 
getting an all-British satellite into orbit in a 
minimum time, but would not exploit fully the 
potentialities of Blue Streak. A slightly improved 
performance could be obtained by using the 
already-developed 35 ft long 3 ft diameter Black 
Knight re-entry vehicle. This system has a total 
thrust of 18,000 lb in vacuo and its liquid pro- 
pellent motor used hydrogen peroxide and 
kerosine as propellents. Although the payload 
and altitude suggested were only of the same 
order as those of the first simple design study 
a major advantage was gained by placing the 
guidance equipment in the second stage thus 
assuring high orbital accuracy. The main 
drawback of using an unmodified Black Knight 
was that its long thin structure would dictate 
careful design of the junction between the two 
stages and the new dynamic bending loads 
imposed on the forward tank structure might 
require structural changes to Blue Streak. 

-The existing Black Knight was smaller and 
lighter than the take-off bocst capabilities of 
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Deceleration, heating and lift restrictions 
for a_ near-ballistic vehicle of low lift. 


Blue Streak and to obtain both maximum pay- 
load and high reliability it would be a very 
good proposition to take the existing highly 
reliable four-chamber propulsion bay and control 
system and redesign the tankage. Design 
details are given on page 20). 


Re-entry Problems 


After propulsion, the astronaut’s main worry 
has always been re-entry. Although the state- 
ment in a film shown at the Congress that 
**the re-entry problem has now been solved ” 
raised quite a few chuckles from the audience, 
it is true that it is not so formidable a problem 
as it once appeared. With the development of 
shock tubes and arc tunnels much of the experi- 
mental work required can be carried out in 
ground facilities. For flight tests a number of 
vehicles such as the American X-17 and the 
British Black Knight have been used. 

Several papers were given during both meetings 
dealing with both theoretical and _ practical 
aspects of return to Earth—and other planets. 
A general review of the recovery of earth satel- 
lites was given by D. E. Bailey of A. V. Roe and 
Company Limited, during the Commonwealth 
Symposium. In general four classes of con- 
figuration could be considered; (1) a ballistic 
vehicle, (2) a ballistic vehicle with high drag, 
(3) a near-ballistic vehicle with low lift and 
(4) a winged vehicle with high lift. 

There were various limitations to be considered 
when deciding on re-entry paths. Electronic 
equipment could be made to withstand high 
accelerations but the human frame could bear 
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only about 10g for any appreciable periog of 
time and this constituted the first limitation 
Secondly, on entering the atmosphere at great 
speed heat was produced at a very high rate and 
must be dissipated. This could be done either 
by using a heat sink or by ablation of the vehicle 
surface. A simple criterion for heating was the 
heating rate and a maximum value could be 
assigned depending on the duration of re-entry 
and vehicle type. For vehicles flying with |ift 
there was a further limit above which the vehicle 
could not fly because it represented the edge of g 
region with insufficient aerodynamic lift. 

These boundaries are shown in the diagram 
for a near ballistic vehicle with low lift. The 
narrow path between these boundaries is referred 
to as the flight corridor, and it was in this region 
that a vehicle must fly on a satisfactory re-entry 
trajectory. 

Ablation, mentioned above, is the complex 
process of thermal erosion and disintegration 
which occurs when a body strikes the atmosphere 
at high speed. It has long been of interest to 
astronomers in the study of meteors and has 
recently been successfully applied as a means of 
absorbing the heat produced by returning ballistic 
missile nose cones. One of the pioneers in this 
subject, S. M. Scala, of the Missile and Space 
Vehicle Department of the General Electric 
Company (United States), gave a review of 
hypersonic ablation during the IAF Congress, 

Three general classes of materials were being 
considered for application to re-entry vehicles: 
metals, ceramics and plastics. The response of a 
given material depended not so much on the total 
integrated heat input as on the precise combina- 
tion of the instantaneous enthalpy and pressure 
of the chemically reacting gases surrounding the 
vehicle. If the coefficient of thermal conductivity 
of an oxidation resistant material was sufficiently 
high relative to the rate of heat transfer the tem- 
perature of all of the material would rise with 
time. If the surface temperature remained 
below the softening point or vaporisation 
temperature then no ablation occurred. Most 
metals could behave in this manner. For some 
materials, of which quartz-like crystalline and 
amorphous refractories were typical, the ablation 
process consisted of melting followed by vaporis- 
ation. The fraction of the solid that entered the 
gas phase during ablation represented the most 
effective part of the heat absorbing and blocking 
action of the entire process. Other refractory 
materials, such as graphite, did not melt but under- 
went heterogeneous chemical reactions. In cer- 
tain plastics materials pyrolysis of the solid phase 
occurred whereas with other thermoplastics 
such as Teflon there was depolymerisation. 


Power Supplies 


Another astronautical problem of long-stand- 
ing is the supply of electrical power. The earlier 
satellites, for the most part, carried silver-zinc 
batteries of limited duration. The trend now 
is to use solar cells. These cells are quite satis- 
factory for use in satellite orbits or in space 
vehicles which do not travel too far from the Sun. 
However for powering instruments to be landed 
on, say, Venus, which has a continuous and 
complete cloud cover, or for deep space probes, 
an alternative power source must be found. 
Dr. W. W. T. Crane, of Martin Nuclear Division, 
described an isotopic power supply which, with 
refinement, could well find a place in space 
research. The power source in SNAP-III-B, a 
3 watt unit which had already been developed, 
was 0°38 gm of polonium 210. The alpha 
radiation from this isotope produced electricity 
directly by means of a series of thermo-elements. 
The total weight of the unit was 4lb (no 
attempt to produce a lightweight unit was made) 
and its life was 280 days during which time 
10 kWh of electricity were produced. The 
equivalent weight of silver-zinc cells would be 
160 1b. It must be realised however that the 
cost of such a cell is still extremely high, almost 
£90,000 for the source at current United 
Kingdom Atomic Energy Authority prices, but 
this figure will undoubtedly be reduced in time. 
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Simple Design of Two-Stage Vehicle (below) Ch 


In its simplest form, the launching vehicle for an 
earth satellite might consist of two stages. Blue 
Streak would form the first stage while the 
second would consist of a simple solid fuel 
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illustration show. one possible 
configuration where the second stage is formed 
by a twin solid rocket motor propulsion unit, 
each of the rockets being based on an existing ne Sane ee 
Instead of the usual location 


SPACE VEHICLE 


For British Satellite 


Blue Streak Servicing Tower (left) 


Each ballistic missile developed to date has had a different means of 
holding and releasing the vehicle on launch. The gear to do this has to 
be specifically designed to suit the control, structural and propulsion 
aspects of the vehicle and must also be firmly integrated with the design 
of the entire pad. The illustration shows one of the towers at the 
de Havilland test site at Hatfield, where Blue Streak is being developed. 
It is obviously a simplified fixed tower for development purposes and is 
not in the form required at an actual launching pad. However, it gives 
some idea of the equipment needed inside the tower to enable a vehicle 
to be approached and serviced. These movable towers are massive 
pieces of equipment often 100 to 150 ft in height and are tailor made to 
fit the contours of the missile and to provide the appropriate service 
at the given levels. In many cases considerably more effort is required 
to design, develop and produce this equipment than the missile itself. 


Vehicle Using Black Knight (below) 


The Royal Aircraft Establishment’s test vehicle Black Knight might 
be an admirable choice as a second stage for Blue Streak. This 
illustration shows how this combination might look when used as a 
two-stage vehicle with the payload at the front. The length of Black 
Knight is about 35ft and its maximum diameter about 3ft. The 
distribution of the propellent tankage is shown here with the high test 
peroxide (HTP) to the rear and the kerosene forward, with a small bay 
containing pipework, reducing valves, etc., between the tanks. The 
guidance and locating equipment would be situated in a small bay in 
the forward end of the kerosene tank, in the front of which the various 
types of payload can be installed. It has been suggested that this 
payload could be about 1,000 lb in weight, which would be well within 
the launching capabilities of Blue Streak. This combination is par- 
ticularly attractive since the second stage is already in existence and is 
demonstrating a remarkably high degree of reliability. By the time it 
is used as part of a space vehicle, the propulsion system should be in 
a very well developed and reliable state. 
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of the payload at the head of the propulsion 
unit, it could conceivably be divided into two 
canisters indexed with the twin motors as shown 
in the diagram. This would give convenient 
packaging of the second stage and payload and 
a more compact configuration. A light fairing 
stretching from the front over the second stage 
and payload would reduce drag in the early 
ascent phase and reduce kinetic heating input to 
the forward equipment. The most important 
feature of this design is its early availability. 
Assuming a total weight of the payload and 
second stage of 8,000 lb, then a suitable velocity 
increment could be obtained with a payload of 
1,000 lb. This means that the existing Blue 
Streak missile, with virtually no changes, 
together with an extremely simple second stage 
would be capable of putting a 1,000 lb payload 
into a circular orbit of some 300 miles from the 
earth’s surface. 


This design for a British two-stage satellite 
vehicle and the others illustrated in these 
pages were originally mentioned by Mr. 
G. K. C. Pardoe, chief coordinator (ballistic 
missiles), de Havilland Propellers Limited, in a 
paper presented to the Commonwealth Space- 
flight Symposium at Church House, London, 
28 August. 
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Blue Streak with Modified Black Knight 


Black Knight, in its present form, is too small 
and light to make the best use of Blue Streak’s 
take-off capabilities; so while there is merit in 
the availability and reliability of Black Knight, 
it falls short of the optimum size and thrust 
characteristics in relation to its main stage. 
However there exists an attractive alternative, 
whereby the best of both worlds may be obtained. 
By taking the well engineered and highly deve- 
loped propulsion bay of Black Knight and using 
it in association with a modified tankage, an 
optimised second stage could be achieved with a 
minimum of critical development. 

The illustrations show a possible configuration 
on these lines. Two hemispherical tank domes 
are placed end-to-end, their separation by a 
parallel section of tank being determined by the 
limiting volume which can be lifted by Blue 
Streak. The same maximum diameter as Blue 
Streak is thus produced in the second stage, and, 
on considering the division of volume within 
the tankage to allow for the HTP : kerosene 
burning ratio, it is suggested that the more 
orthodox lateral separation diaphragm could 
well be replaced by a longitudinal cylindrical 
diaphragm (as shown by dotted lines). The 
kerosene, being the smaller volume, could be 
contained within the central tube and the HTP 
could be in the outer torriodal container. This 
form of tankage has been lightly referred to as a 
** doughnut ” configuration. 

Considering the second stage in relation to the 
overall vehicle, the transition bay shown in front 
of the Blue Streak tank could contain an inertial 
guidance system as ‘well as encompassing the 
Black Knight propulsion bay. This transition 
or guidance bay could be projected forward so 
that the attachment to the second stage would 
be immediately behind the outer edges of the 
second stage at the maximum diameter of its 
tankage. 

From the viewpoint of the overall configura- 
tion, such a tankage for the second stage could 
well be lighter and more easily blended with 
Blue Streak than a longer structure; there would 
also be good design flexibility when fitting pay- 
loads on the front. The thrust to weight ratio 
at the beginning of second stage ignition could 
be 0-8 or even substantially lower in certain 


circumstances, so that with the 18,000 lb thrust 
available in vacuo, this could mean a second 
stage some 22,000 lb in weight. 

Calculations based on the increased tankage 
indicate that a payload mass of some 2,000 Ib 
could be put into a 300 miles circular orbit. 
This represents a considerable improvement over 
the unmodified Black Knight combination wh‘ch 
would have a payload capability of only 1,000 lb. 











MEETINGS AND PAPERS 


British Institution of Radio Engineers 
LONDON 
“Modern Microwave Valves: A Survey of Evolution, Prin- 
ciples of Operation and Basic Characteristics,” by W. E 


Willshaw. London Section. London School of Hygiene and 
Tropical Medicine, Keppel Street, WC1l. Wed., 30 Sept., 
6.30 p.m.* 

TREFOREST 


** Use of Demonstration Equipment in Basic Radio Theory,” 
by H. Henderson. Treforest Section. Glamorgan College of 
Technology, Treforest, Glam. Wed., 30 Sept., 6.30 p.m. 


Institution of Engineering Designers 
BRADFORD 
“Stress Analysis as Applied to Design,” by Dr. J. Ward. 
Yorkshire Branch. Midland Hotel, Bradford. Wed., 23 Sept., 
7.30 p.m. 


Institution of Heating and Ventilating Engineers 
MANCHESTER 

“Clean Air Act, 1956," by W. B. Kennedy. Manchester 

Branch. Engineers’ Club, Albert Square, Manchester. Fri., 

25 Sept., 6.30 p.m. 


Institution of Locomotive Engineers 
LONDON 
Presidential Address by R. A. Smeddle. Federation of 
British Industries, 21 Tothill Street, London, SWI. Tues., 
2 Sept., 5.30 p.m.* 


Institution of Mechanical Engineers 
NOTTINGHAM 
** Development of High-Temperature Materials,” 
Gresham. East Midlands Branch. 
ham. Wed., 23 Sept., 7.15 p.m. 


by HB. E. 
The University, Notting- 


The address and telephone number of the headquarters of each institution are given below. 
in the headquarters town are held there unless otherwise stated. 


Institution of Plant Engineers 
BIRMINGHAM 
** Works Engineering,” by R. T. Wells. Birmingham Branch. 
Imperial Hotel, Temple Street, Birmingham. Fri., 25 Sept., 


* Basic Electronics in Industry and Commerce,” by R. H. 
gues. Glasgow Branch. Scottish Building Centre, 425-427 
Sauchiehall Street, Glasgow. Thurs., 24 Sept., 7.15 p.m. 

LEEDS 

‘ Operational Research,”’ by G. D. Jordan. West and East 
Yorkshire Branch. Houldsworth School of Applied Science, 
The University, Leeds. Mon., 28 Sept., 7.30 p.m. 

LIVERPOOL 
**Mounting and Maintenance of Roller Bearings,” by E 


Taylor. Merseyside and North Wales Branch. Exchange 
Hotel, Liverpool. Thurs., 24 Sept., 7.15 p.m. 
MIDDLESBROUGH 


Discussion on ** The History and Development of Rotary Air 
Compressors.” North East Branch. Cleveland Scientific 
and Technical Institution, Corporation Road, Middlesbrough. 
Thurs., 24 Sept., 7 p.m. 

SHEFFIELD 
“* Rolling Plant,” by P. A. Clark. Sheffield Branch. 
Hotel, Sheffield. Thurs., 24 Sept., 7.30 p.m. 


Institution of Production Engineers 
SHREWSBURY 

** Uses and Developments of Work Study,” 

Shrewsbury Section. Shrewsbury Technical College, Shrews- 
bury. Wed., 30 Sept., 7.30 p.m. 


Institution of Structural Engineers 
LONDON 
Presidential Address, by L. E. Kent 


Grand 


by W. C. Castledine. 


Thurs., 1 Oct., 6 p.m.* 


Meetings 
Particulars for this feature should 


reach the Editor not later than three weeks before the date of the meeting. 


British Institution of Radio Engineers, 
London WCIl. (MUSeum 1901.) 

Institution of Engineering Designers, 38 Portland Place, London, 
Wi. (LANgham 8847.) 

Institution of Heating and Ventilating om 49 Cadogan 
Square, London, SWI. (SLOane 3158. 

Institution of Locomotive Engineers, 28 Vissesis Street, London, 
SWI. (ABBey 6672.) 


9 Bedford Square, 


Institution of Mechanical Engineers, | Birdcage Walk, St. James’s 
Park, London, SWI. (WHtehall 7476.) 
Institution of Plant Engineers, 2 Grosvenor Gardens, London, 
(SLOane 0469.) 

Institution of Production Engineers, 
London, W1. (GROsvenor 5254.) 
Institution of Structural Engineers, 11 Upper Belgrave Street, 

London, SWI. (SLOane 7128.) 


10 Chesterfield Street, 
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ION THRUST ROCKET 


A prototype ion thrust device has been developed 
by the Rocketdyne Division of North American 
Aviation Limited to produce quantitative meas- 
urements of thrust under simulated space 
conditions. The illustration below shows the 
engine being fired in a special vacuum tank, 
Results obtained with this prototype have 
indicated that an ion engine having a thrust of 
less than 1 lb could be ready to propel space 
vehicles on interplanetary voyages within five 
years. 

Although such an engine would be useless 
at sea level, it would be of immense value in 
outer space where it would provide sufficient 
power to manoeuvre and propel vehicles at 
thousands of miles per hour continuously for 
about a year. The size envisaged for such an 
engine would be about that of an ordinary oil 
drum. 

The propellent being used on the prototype 
engine is caesium, a material having high vapour 
pressure and low work function. The caesium 
is vaporised and the vapour fed into an electric- 
ally charged chamber where it becomes ionised. 
The positive ions are then accelerated in a beam 
(in much the same way as a cathode ray tube 
beam) to velocities of the order of 300,000 miles 
per hour whereupon they are discharged through 
a thrust chamber to provide propulsion. 
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On the Shelf 
By Frank H. Smith 


An American habit that has not yet caught on 
here but nevertheless seems to have captured the 
specialist imagination is the “preprint” of 
papers given at annual and other meetings of 
societies. When these are announced, the 
demand for them is quite astounding. Preprint 
is a little confusing since they sometimes know no 
other form and are “ pre” in the sense of 
appearing before the meeting and not betore 
printing (with discussion attached). In fact, 
one or two of the responsible societies have now 
changed the title to report (which will make for 
further confusion somewhere, no doubt). The 
beauty of them is that one does not have to buy 
a whole journal to get one paper and they cost 
comparatively little. Again, it is possible to 
provide a privilege price for members (although 
members whose subscription includes the journal 
may take a poor view of the system). 

The law-book publishers, Sweet and Maxwell 
(and Stevens and Sons) have moved to 11 New 
Fetter Lane, London, EC4. It seems a pity 
that they should have had to move from 
3 Chancery Lane, where they have been for 
160 years, but one must progress I suppose. 
Or perhaps progress is thrust upon one? They 
have a new list to match the new address includ- 
ing our old friend the 13th edition of Gale on 
Easements. 

From here on, the British Cast Iron Research 
Association (Bordesley Hall, Alvechurch, Bir- 
mingham) can be assumed from BCIRA. Right. 
As from January, 1960, the BCIRA Bulletin and 
Foundry Abstracts will be incorporated with the 
BCIRA Journal of Research and Development to 
form the BCIRA Journal. To cope with this 
there will be three additional numbers of the 
volumes of the present publications numbered 
13, 14 and 15 in each case. 

A duplicated list can be obtained from the 
Institution of Mechanical Engineers entitled 
“ Consolidated List of Advance Copies of Papers 
and Lectures published by the Institution since 
| January, 1959” (issued quarterly). The one 
I have before me is dated July 1959, and is an 
amended list superseding List No. 1 of June 
1959. I wish they’d make up their minds. 

The Sheffield City Libraries Interchange 
Organisation (SINTO), now 26 years old, reports 
continued growth and contemplates a_ basic 
course in special librarianship in the coming 
months. Librarianship is a profession in which 
the general practitioner can well benefit from a 
specialist course and certainly will lose nothing. 

“For twelve years Microtecnic has provided 
an international forum for papers and reports of 
recent advances of interest to all those working 
in the field of precision and production engineer- 
ing,” it says, so if you still have not heard about 
it after all these years, ask Bailey Bros. and 
Swinfen Limited, of Hyde House, West Central 
Street, London, WCl. The year of six issues 
costs £3 15s and you save 13s if you take it 
two years at once. 

As far as | can see CERN stands for European 

Organisation for Nuclear Research so I suppose 
some of that French reversing comes in some- 
where. CERN Courier No. 1 is dated August 
1959 and though it is only six pages long it is 
quite newsy in its own way. Get it from CERN, 
Geneva 23. 
_ I suppose some people still feel that Australia 
is too far away but if they think it still consists 
of a lot of outback I suggest they get the annual 
report of the Aeronautical Research Laboratories 
(Fishermen’s Bend, Melbourne). It is strong on 
fatigue and in the report there are some inter- 
esting references to wind-tunnel work done on 
the unusual Mayer Music Bowl. 

In case it affects you, from September /ndian 
Skyways will be called Asian and Indian Skyways. 
In passing, | would mention that its editor 
sometimes writes the most blistering editorials. 
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CHANGEOVER TO WAR 


Factories and Plant. By WILLIAM Horney. 
Longmans, Green and Company Limited and 
Her Majesty's Stationery Office, York House, 
‘Kingsway, London, WC2. (37s 6d) 


In his introduction to this further volume in the 
official Civil History of the War, the author 
compares the industrial problems of two World 
Wars and comes to the conclusion that they 
were remarkably similar. In a sense, this view 
is justified, since the nuclear revolution in defence 
had not occurred; but it perhaps underestimates 
the effect of the growth of the new specialised 
industry of aircraft manufacture and, to use the 
author’s words, the new basic industry of light- 
alloy production and fabrication. 

Fundamentally, however, industrial techniques 
that had been developed before and after the 
First World War formed an adequate base on 
which to build a war-time munitions industry and 
the lessons of that war could be used in planning 
for the last one. In view of the radical trans- 
formation now taking place in the nature of 
weapons it is valuable that the author of this 
history, which is confined to the provision of 
capital equipment for the munitions industry, 
should have examined the development of the 
modern armament industry and, in particular, 
of the Royal Naval Dockyards and the Royal 
Ordnance Factories. This section is almost 
entirely factual, and a more critical study of the 
structure and working of these two organisations 
would have been valuable. 

On the dockyards the author contents himself 
with references to criticisms of their industrial 
structure, made by the Hilton Committee in 
1927, for instance, and repeated by the Select 
Committee on Estimates of the House of 
Commons in 1951. Other volumes in_ this 
series have to some extent supported these 


criticisms. On the ROF’s he recognises the 
desirability of their development into a semi- 
autonomous industrial organisation, as they 
now are, but comes to the conclusion that this 
was impracticable during the war. 

As in the First World War the supply of 
machine tools was the crucial element in the 
expansion programme. Since the beginning 
of the century this country had relied for many 
of the advanced and specialised machine tools 
needed for mass production on imports. Further- 
more, the overall capacity of the industry was 
inadequate for a rearmament programme, even 
if exports were given up and British industry 
had been, even before the war, dependent to a 
significant extent on imported machine tools. 
In 1940 and 1941, at least a third of total supplies 
came from imports; although with the expansion 
in output that took place during these years this 
fell by 1942 to about a quarter. This dependence 
on imports was very much greater for several 
individual types of machine. 

This volume supplements the series dealing 
with munitions production, previous volumes of 
which have dealt with planning and procurement, 
labour (Labour in the Munitions Industries, by 
P. Inman, reviewed in ENGINEERING, vol. 184, 
1957, p. 720; another book in the same general 
series, Manpower, by H. D. M. Parker, was 
reviewed on the same page) raw materials and 
finance. It thus completes the picture with a 
great deal of detailed information on the methods 
employed to expand the capacity in buildings and 
plant and in the conversion of existing factory 
capacity required to turn out the vast require- 
ments of the armed forces. Even if we should 
once more find ourselves at war, our defence is 
never again likely to depend on any comparable 
deployment of resources. 

AUSTEN ALBU 


FOR A RAINY DAY 


Hydrology for Engineers. By Ray K. LINSLEY 
Jr., MAx A. KOHLER and JosePpH L. H., 
PAuLHus. McGraw-Hill Book Company Incor- 
porated, 330 West 42nd Street, New York 36, 
NY, USA; and McGraw-Hill Publishing 
Company Limited, 95 Farringdon Street, 
London, EC4. (62s) 


The Design of Land Drainage Works. By ROLAND 
BERKELEY THORN. Butterworths Scientific 
Publications, 4 and 5 Bell Yard, London, WC2. 
(35s) 


On this side of the Atlantic, Mr. Thorn has had 
practical experience of English drainage work; 
from the other side, the American authors, Pro- 
fessor Linsley and his colleagues, display a firm 
academic foundation leavened by practical aid 
in the Middle East. Invariably American works 
on hydrology open meticulously with the water 
cycle and a full commentary on meteorology, 
where the English accept the over abundance of 
their best economic resource drip by drop as a 
lubricant for conversation. Mr. Thorn has 
assembled some good papers by himself and his 
fellow drainage engineers, given principally to 
the Institution of Water Engineers. To these 
he has added his own seasoning to produce an 
easily read but rather mixed dish, which a collec- 
tion of specialised papers must be. Nevertheless 
the normal drainage problems other than those of 
drought, the Lynmouth flood, flood statistics, and 
catastrophic rains, are well considered, embracing 
issues as specialised as a_ ski-jump spillway 
and radial sluice gates, flumes, true syphons and 
the now common soil-mechanics problems of 
embankment stability. Curiosity asks why so 
many of his diagrams denote the Arabic flow 
from right to left. 

Watershed management—drainage is far too 


narrow a term—is a recent concept of modern 
society. The basic tools available in the predic- 
tion of what may happen, and, less certainly, 
when, are well advanced. Where Professor 
Linsley presents some first rate statistics on 
American water phenomena, discussing fully the 
extremity analyses of Gumbel and others, Mr. 
Thorn considers in some detail alluvial channel 
flow and the long disputation on formulae by 
Lacey, Blench and others. 

The modern design of flood prevention works 
is closely related to the frequency of floods of a 
given magnitude being equalled or exceeded. 
Not only has frequency analysis been a contro- 
versial topic among engineers, but design 
selection must ultimately rest on economics to 
keep a proper balance between the cost of water 
control and its benefits, in which the law of 
diminishing returns plays such a great part. 

When a disaster like that of Lynmouth takes 
place the nation becomes emotionally disturbed 
and there is a tendency to put into effect a local 
flood prevention scheme which might well be 
economically over-generous, while other good 
schemes elsewhere remain pigeonholed. In the 
past half century no less than sixty important 
American dams have failed as a result of over- 
topping by floods. But as Linsley suggests, this 
does not necessarily mean that the failure of a 
structure always constitutes under-design. Design 
to meet any flood below the maximum possible 
involves a calculated risk, where failures are as 
certain as mortality in life insurance. On the 
other hand design to meet the maximum possible 
may involve an expenditure beyond the com- 
munity purse, and perhaps produce a structure 
which might well disappear through obsolescence 
before the one flood in a thousand years arrived. 
Applied hydrology is almost a science of calcu- 
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lated uncertainty; interesting enough to ask why 
the Bristol Channel suffers nearly all the catas- 
trophic rainfalls of Britain. 

The American authors dismiss peremptorily 
rainfall patterns, but point out that there is a 
1 per cent chance that the true average frequency 
of the maximum event occurring in a ten year 
record is as low as 2:7 years, just as there is 
about a | per cent chance that a 1,000 year flood 
will occur in a particular ten year period of 
observation. It is when the economic aspects of 
extremes and their control are considered that the 
engineers and hydrologists tend to go dumb, 
yet such positive factors of constructive insurance 
are vital elements of water control. 

Society itself by its gradual usurpation of the 
flood plains by urban development—in one case 
the partial blockage of a plain by a huge water 
supply reservoir—the filling in of ponds, and 
improved drainage may well have advanced 
higher flood levels and reduced the potential 
dry weather flows. This $64,000 question of 
Mr. Thorn, raised inconclusively in 1861, was 
mirrored again by the Heneage Committee in 
1951. By comparison the Americans, apparently 
better served by information and maybe superior 
techniques, appear more sure of their ground 
and less certain of its acceptability in a semi- 
laissez-faire economy. 

The flat earth problem of the Fens comes 
clearly home from Mr. Thorn’s pen with a 
gradient of 3in per mile, one seventh of the 
typical water supply conduit, but six times that 
of Telford’s Llangollen canal in its middle ten- 
mile section. Overseas the great watershed of 
the Missouri has an annual run-off little more 
than an inch, while some 65 of the American 
springs have yields each in excess of 55 million 
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gallons per day, which would serve a million 
English mouths. As springs go and some do with 
a pluvial bounce, the Fontaine de Vaucluse in 
France with a discharge often in excess of 2,100 
million gallons per day, and almost sufficient to 
meet Britain’s total water supply needs, this 
must be the golden dream of every water engi- 
neer. Such facts Professor Linsley scatters 
pleasantly through his pages; but one century’s 
wonder quoted by him, the world famous rainfall 
record of Cherrapunji (905 in in 1861), was sub- 
merged by a still wetter Indian village record 
last year. 

For the young drainage engineer Mr. Thorn’s 
symposium will be a useful aid. From time to 
time that young man and all water engineers 
must go to the core of the problem so well consi- 
dered by the American textbook. Irrigation, 
mentioned by Mr. Thorn, increasingly will 
become a major issue in south-east England 
where the drought flows are so low. When 
further depletion occurs through more intense 
abstraction what will the river boards do? 
Through a perception far wider than our normal 
concepts of drainage, the engineer must postulate 
a satisfactory answer to this, the most formidable 
of all water problems. 

Following American example, the only British 
practical answer has been river control in the 
Bala Lake project, which has a double function 
in both flood reduction and the augmentation of 
dry weather flows of that international river, the 
Dee, for purposes of water abstraction, and not 
quite as stated by Mr. Thorn. Such a scheme 
was only made possible by joint cooperation 
for wider benefits and will of necessity and 
wisdom be emulated elsewhere in Britain. 

DELWYN DAVIES 


CHEMICAL MOTIVATION 


Stoff-und Warmeiibertragung in der Chemischen 
Kinetik. By D. A. FRANK-KAMENETZKI. 
Springer-Verlag, Heidelberger Platz 3, Berlin- 
Wilmersdorf, Germany. 


The original book was written by D. A. Frank- 
Kamenetzki of the Institute for Chemical Physics 
of the Academy of Sciences in Moscow and pub- 
lished by its director, Nobel prize winner N. N. 
Semonow. The German translation was written 
and edited by Dr. J. Pawlowski of the Bayer AG, 
Leverkusen. An English translation had already 
appeared in 1955, published by Princeton Univer- 
sity. In essence the book deals with the influence 
of physical factors during chemical reactions and 
seeks to convey to the scientist the results of 
extensive research on this subject. 

Previously, physical influences were con- 
sidered to be a sort of disturbance only of the 
classical chemical kinetics and only recently 
interest in these phenomena has led to a series 
of useful theoretical conclusions and to the 
development of new methods of research,which 
have created a basis for a number of important 
technical processes such as combustion and 
solution. 

It is claimed that for the first time in literature 
an original and systematic survey of the technique 


of chemical reactions has been compiled, which 
the author called ‘“* Macroscopic Kinetics.” This 
is in short, a combination of two branches of 
science, the chemical kinetics and the theory of 
heat and material transfer. 

The book is divided into ten chapters with 
paragraphs referred to by an adequate index. 
The style is clear and since it is intended for 
scientists only, the treatment contains consider- 
able mathematics. The first chapter, in the 
form of an introduction, gives an extensive 
description of the relevant fundamentals on 
which the subsequent theories are based. Hav- 
ing surveyed the theories of chemical kinetics 
and transfer of material and heat there follow 
discussions of diffusion kinetics, theory of 
thermic explosions, flame diffusion, and hetero- 
geneous exothermic catalytic reactions. 

In conclusion it can be said that the theory is 
presented in a concise and meticulous manner 
and the book should prove extremely useful in 
this country. It is noteworthy that the names 
of scientists, many of them Russians, given in 
the reference to bibliography occupy two pages. 
Many of these books have been written by the 
author himself. 


WALTER K. SUBAK 


NEW BOOKS 


Historic Books on Machines. By C. Sr. C. B. 
Davison. Science Museum Book Exhibitions 
No. 2. Reprinted 1958. Her Majesty’s Stationery 
Office, York House, Kingsway, London, WC2. (2s) 

A catalogue of an exhibition held from May to 

October, 1953, and designed to illustrate science and 

technology and their histories by means of the 

written word as distinct from the apparatus. The 

list is chronological and ranges from 1534 to 1834. 

Of interest to the historically-minded. 

History of Steam Road Vehicles. By C. Sr. C. B. 
Davison. Reprinted 1959. Published for the 
Science Museum by Her Majesty’s Stationery 
Office, York House, Kingsway, London, WC2. (4s) 

A reprint of the 1953 publication since when there 

have presumably been no advances in steam road 





vehicles (for passenger transport). To those inter- 
ested in the history of branches of engineering the 
Science Museum Handbooks are probably well known 
but others may not realise what a wealth of interest 
and information is to be found inthem. This 60 page 
history of the predecessors of the modern death-on- 
the-road is no exception. Illustrations range from 
1769 (Cugnot’s steam vehicle) to 1920 (Ruston- 
Hornsby traction engine). 


Over the Drawing Board. By RoBerRT FORMAN. 
Second Edition. Cleaver-Hume Press Limited, 
31 Wright’s Lane, Kensington, London, W8. (15s) 

Though thinking chiefly of architectural students, the 

author caters for all types who have to use a drawing 

board. The sort of book that will encourage, rather 
than deter, a beginner. 
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The Reviewers 


Mr. Austen Albu is an associate membe: of the 
Institution of Mechanical Engineers, a member 
of the Institution of Production Engineers, and 
a member of the Amalgamated Engineering 
Union. He concerns himself with indusirial and 
technical matters, in the House of Commons 
where he serves as Labour Member for 
Edmonton. He is also a B.Sc. of Imperial 
College, London. 


Mr. Delwyn G. Davies is engineer and 
manager of the Mid-Cheshire Water Board. 
He is a member of Panel I for the Reservoirs 
(Safety Provisions) Act 1930, and the author 
of many papers on water supply and manage- 
ment, for example on the Haweswater Dam. 
Mr. Davies is a B.Sc. (Eng.), a member of the 
Institution of Civil Engineers, member and 
prizeman of the Institution of Water Engineers, 
member of the British Water Association and 
the Liverpool Engineering Society, and 
associate member of the British Institute of 
Management. He has contributed widely to 
the national press and the BBC. 


Mr. Walker K. Subak, Dipl. Ing., A.M.I.E.E., 
is a consultant in electrical engineering. 


TRADE PUBLICATIONS 


Copies of any of the following trade publications 
are obtainable from the addresses given, though 
distribution is sometimes restricted. 


Vehicle Equipment. CLAYTON DEWANDRE Co. Ltp., 
Titanic Works, Lincoln. Air pressure and vacuum 
equipment for braking and power steering; auto- 
matic chassis lubricators; and heaters are described 
in an illustrated booklet. 

Automatic Transmission. BoRG-WARNER _LTp., 
Letchworth, Herts. The features of the Borg- 
Warner automatic transmission are described in a 
pocket guide. 

Diesel Electric. CROMPTON PARKINSON LTD., Chelms- 
ford. Some of the advantages and some examples 
of application of diesel electric traction are given 
in an illustrated booklet. 


Multirange Meter. TAYLOR ELECTRICAL INSTRU- 
MENTS Ltp., Montrose Avenue, Slough. The 
model 100A multirange universal meter has a 
sensitivity of 100k ohms per volt d.c., and 5k ohms 
per volt a.c. There are 8 d.c. voltage ranges and 
7 current ranges; 6 a.c. volt ranges and 4 resistance 
ranges, etc. Leaflet. 


Compensating Cables. 
Linacre Lane, Bootle, 
pensating cables for pyrometry. 
and characteristics. Leaflet. 


Sequence Controller. JONES, TATE AND Co. LTD., 
Victory Works, East Parade, Bradford 1. Electric 
sequence controllers for 12, 18, or 24 circuits. 
Uses a distributor with a single contactor for 


MeRSEY CABLE WoRrKS LTD., 
Liverpool 20. Com- 
Details of sizes 


switching. Leaflet 501. 
Instrumentation. ADDISON ELeEctric Co. LTD., 
10-12 Bosworth Road, London, W10. _ Instru- 


ments, monitors, gauges and controllers for cable 
making, covering the whole process. Leaflet. 


Equipment. HERBERT Morris Ltp., Loughborough. 
Mechanical handling machinery including cranes, 
hoists,conveyors, and lifts. Illustrated booklet. 


Compressed Air 


Pneumatic Equipment. Arr AUTOMATION, 26 Shar- 
rocks Street, Wolverhampton, Staffordshire. 
Diaphragm, poppet and piston valves, cleaners and 
lubricators, hose and tubing, blow guns, air-line 
fittings, cylinders, vices, core-box vents.  Illus- 
trated catalogue. 


Air Valves. Stuart Davis LtTp., Bayton Works, 


Bayton Road, Exhall, near Coventry. Valves of 
different sizes with methods of operation. _ Illus- 
trated catalogue. 

Power Cylinders. BALDWIN INSTRUMENT Co. LTD., 
Pneumatics Division, Brooklands Works, Dartford, 
Kent. Cylinders, directional control valves, 
pilot valves, regulators, lubricators. Illustrated 
pamphlet. 

Centrifugal Fans. KeirH BLACKMAN 
Mead Road, London, N17. 
backward bladed aerofoil impellers, 
by size and use. Illustrated catalogue. 

Compressors. 
Wycombe, Bucks. 
Illustrated booklet. 


Lrp., Mill 
classified 


Portable air 


Fans employing. 


BROOM AND Wape Ltp., High 
compressors... 
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HOW TO DESIGN 
FOR PRODUCTION 


By F. 
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NOBLETT, A.M.I.Mech.E., A.M.1.B.A.E., 


Chief Project Engineer Massey-Ferguson (Great Britain) Limited 


Designing for production is, broadly speaking, 
the blending of function and style with manufac- 
turing cost. Most companies today are devoting 
time and energy to the subject, and great care is 
taken (when trying to reduce the manufacturing 
cost) that function and appearance do not 
suffer. To a greater or less degree these features 
are inter-dependent and a careful balance must 
therefore be maintained. Failure to give any 
one of them enough thought invariably results 
in an uneconomical product. 

In order to high-light certain problems (and 
their solution), some practical examples will 
now be given from the original lecture.* 


Example 1 


Fig. 1 (a) shows a hexagon nut fitted into the 
cast socket of bearing A. Detail tolerances, 
and wear in service, are taken up by advancing 
the nut (and thus bearing A) towards bearing B. 

During prototype production, there was 
difficulty in casting the hexagon recess concentric 
with diameter C, as these lay on each side of 
the parting line. When hole D was drilled 
concentric with diameter C, it was not concentric 
with the hexagon recess, and the nut would not 
assemble. 

Fig. 2 (6) shows how this was overcome by 
casting a square on A to engage a spanner, and 
tapping it to eliminate the hexagon nut. The 
slots for the split pin were milled off the core 
diameter of the tapped hole, and although 
unsymmetrical in regard to the cast square 
within casting limits, the function was not 
impaired. 


(Below) Fig. I (a) top: 
Fig. 1 (b) bottom. 
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* The information in this article is taken from a 
lecture given by the author to the Institution of British 
Agricultural Engineers. 


Example 2 


The designer should figure out where the 
production engineer will locate for machining, 
and then dimension and tolerance accordingly. 
A simple but typical case is shown in Fig. 2 (a), 
where the functional requirement is for the 
cross hole to lie within + 0-010 in of the outer 
face of the circlip groove. The most logical 
method of manufacture is to drill the cross 
hole as a last operation, but location from the 
groove for drilling and subsequent gauging would 
then be difficult. By dimensioning both hole 
and groove from the left-hand face, as in Fig. 2(b) 
(but halving the tolerance), the functional require- 
ment is met, and location for drilling simpler. 


Fig. 2 (a) left : Fig 2 (b) right. 
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Example 3 


When components are produced automatically 
(either on an automatic lathe or a more compli- 
cated transfer machine) the time per complete 
part is governed by the longest operation. 

Fig. 3 (a) shows a component produced on a 
multi-spindled chucking automatic, where the 
forming of the recess is the longest operation. 
Since the function of the recess is only to feed oil, 
its shape can be changed, as in Fig. 3 (6). The 
operation of recessing can then be split between 
two spindles, and time saved. 

In a case like this, the designer could not be 
expected to anticipate production requirements, 
but he must cooperate to reduce the cost. 


Fig. 3 (a) left: Fig 3 (b) right. 





First Tool Recesses 
| to this Diameter i. / 











Second Tool Traverses 
Rapidly to First Diameter 
and Completes Recess 


\ 


“ENGINEERING” | 





6S71.¢. 





Example 4 


Fig. 4 gives three distinct methods of welding 
a tube between two plates. 

Fig. 4 (a) shows how the detail tolerances 
accumulate if the component parts are butted 
one against the other. Where the large tolerance 
build-up can be accommodated, this is an 
excellent method, but if an overall assembly 
tolerance of + 0-010 in is required, as in Fig. 
4 (6), and maintained in a jig with these toler- 
ances, then gaps of + 0-035in can occur at 
each end. Moreover, if one end of the tube is 
pushed against the plate, a gap of 0-140 in can 
occur at one end. As the gap increases, arc 
welding time increases. An _ ideal solution, 
therefore, is to let the tolerance build-up be 
taken by passing the tube through the plates to 
eliminate the gap entirely, as in Fig. 4 (c). In 
addition, the tube is self-locating, and this 
cheapens the welding fixture. 

Wherever possible, welded parts should be 
overlapped in this way. 


Fig 4 (a) top: Fig. 4 (b) middle : Fig. 4 (c) bottom. 
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Example 5 


Fig. 5 shows another simple case where, for 
simplicity, the slot must be milled in one opera- 
tion. The incorrect method of dimensioning, 
Fig. 5 (a), does not allow this, and dimensioning 
of the bottom of the slot from the top face 
complicates tooling. When redimensioned from 
the bottom face of the part and retoleranced, 
as in Fig. 5 (6), milling of the slot is simple. 


(Below) Fig 5 (a) left: Fig. 5 (b) rigat. 
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ANOTHER USE FOR MOLLIER DIAGRAMS 
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Because air-breathing engine cycles now operate at higher temperatures 
it is important to have accurate thermodynomic data and suitable applica- 
tion techniques for jet propulsion performance calculations of thrust, 


specific fuel consumption and so on. 


This paper discusses the application 


of Mollier diagrams to these calculations for air-breathing engines, and 
shows the advantages of such an approach over the conventionel aero- 
dynamic one, often used when the fluid properties are constant (or simple 


functions of the state variables). 


The ideal combustor and exhaust nozzle 


processes considered here include changes of state or chemical composition, 


ard flow discontinuities, 


processes, 


such as condensation and shock waves. 
full paper,* consideration is also given to the course of 


In the 
real non-ideal 


including the analytical treatment of inefficiencies and the 


recombination of dissociated gases during nozzle expansions. 


The Mollier diagram is really nothing more than 
a convenient plot of the thermodynamic pro- 
perties enthalpy versus entropy. It has these 
advantages for performance calculations (al- 
though sometimes a modification, the H-log P 
diagram, is more convenient): 

(1) It is based on the fundamental data des- 
cribing the fluid. 

(2) The equations involved in defining process 
paths on the diagram are fundamental thermo- 
dynamic equations, free from hidden assump- 
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Fig. 2 Mollier diagram for no phase 
change of condensible constituent. 


tions. This is because the assumptions involved 
in constructing the diagram are intimately tied 
to it and must properly be incorporated in its 
identification. 

(3) The diagram provides ready visualisation of 
the process path, that is, whether isentropic, 
isobaric and so on. 

(4) Possible departures of actual processes from 
idealised paths can be visualised and _ their 
effects estimated. 

(5) Effective path values for certain thermo- 
dynamic properties (such as effective specific 
heat ratios) are not required to trace the path. 
(6) The diagram may be constructed to reflect 
any desired restriction in properties, such as 
fixed chemical composition, limits on condensa- 
tion, and so forth. 

Application of the desired restrictions during 
preparation of the Mollier diagram serves to 
eliminate any possible doubt as to the nature of 
an isentropic process. From an aerodynamic 
standpoint, release of heat by the equilibrium 
recombination of dissociated gas molecules 
during isentropic expansion is beyond simple 
treatment. However, proper calculation of the 
true (i.e., complete) entropy of the mixture when 
constructing the diagram permits a line to be 


* The full text is available (if requested on business 
letterhead) from the authors at Air Space Travel 
Research Organisation (ASTRO), The Marquardt 
Corporation, 16555 Saticoy Street, Van Nuys, 
California. 


drawn at constant entropy upon the diagram, 
and, inescapably that line represents an isen- 
tropic process. Thus, depending on the res- 
trictions assumed in preparation, an isentropic 
process can be drawn with fixed gas composition, 
or one with equilibrium gas composition, or one 
in which, say, the ratio of carbon monoxide to 
carbon dioxide is fixed, while the remaining 
constituents are in dissociative equilibrium. 
Any restriction that can be made, and stated 
solely as a function of the state variables (for 
example, pressure and temperature) can be 
incorporated in the original calculations for 
preparation of the Mollier diagram. This, above 
all else, is the principal message of this paper. 


Ideal Engine Performance 


Preliminary analysis of the Mollier diagram 
does not involve the engine physical dimensions. 
The expansion process following combustion is 
traced along a line of constant entropy from the 
point corresponding to the end of the com- 
bustion chamber to the intersection with the 
line corresponding to the exhaust pressure. If 
the process passes through a region where the 
condensation of a constituent is assumed to 
occur in phase equilibrium, a temperature 
lapse-rate discontinuity will occur, at the con- 
densation line. Fig. 1 is a schematic demon- 
stration of this phenomenon. In any event, the 
indicated enthalpy difference of the process is 
employed to compute the theoretical engine 
performance parameters. 


Design and Off-Design Analysis 


When the flow areas are taken into account, 
the analysis becomes somewhat complicated and 
indirect solutions must frequently be resorted to. 
The problems fall into two categories. Design 
analysis: given the engine operational points and 
the performance, to determine the requisite 
engine design. Off-design analysis: given the 
actual engine design and the operational points, 
to determine the performance. 

The limiting cases of design and off-design 
ideal performance analyses are those in which, 
at all times, the working fluid obeys (and the 
Mollier diagrams reflect) either equilibrium or 
frozen chemical composition plus condensation 
equilibrium or no phase change. Cases may 
arise, however, where the restrictions change 
during a flow process. These cases can be 
analysed precisely if the Mollier diagram has 
been prepared to reflect the change. 

In a typical design analysis problem, the 
prescribed data consists of the combustor inlet 
conditions, the fuel/air ratio, and the required 
stream thrust at the end of the exhaust nozzle, 
in order to meet a certain engine thrust level. 
The unknowns are: thé engine air flow rate, 
and the combustor, nozzle throat and nozzle 
exit flow areas. 

Off-design analysis is less straightforward. In 
a typical off-design problem, data is given on 
the engine areas, the combustor inlet conditions 
and the engine air flow rate. The unknown is: 
the requisite fuel/air ratio, since the thrust 
design and fuel consumption follow, once the 
fuel/air ratio is determined. Here, several 
Mollier diagrams are required for locating the 
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Fig. 1 Schematic Mollier diagram for com- 
bustion products with condensible constituent, 


unknown fuel/air ratio by means of interpolation. 

In other off-design analyses, data is given on 
the engine areas, the fuel/air ratio and the air 
flow rate. The unknown is then the inlet pressure 
to the combustor. This, for example, is the 
super-critical, off-design problem for ramjet 
engines. 


Retarded Condensation 


Changes in the restrictions concerning phase 
equilibrium of a condensible constituent (such 
as a metallic oxide) during a flow may occur, 
followed by a sudden realisation of phase 
equilibrium in what is known as a condensation 
wave. There is then a total pressure loss (and a 
corresponding entropy rise) through this con- 
densation wave. Two Mollier diagrams are 
required, one for the restriction of phase equi- 
librium, and one for the restriction of no phase 
change. If the degree of supercooling is known 
from experimental data (and the condensation 
wave is normal to the flow, the usual assumption) 
the analysis can be performed as schematically 
indicated in Figs. 2 and 3. The conditions just 
preceding condensation (taken from Fig. 2) 
determine the Fanno and Rayleigh lines of Fig. 3, 
and their higher-entropy intersection marks the 
conditions just following the wave. 


Fig. 3 Mollier diagram for phase 
equilibrium of condensible constituent. 
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Flown recently at Farnborough: this First World War SESA fighter aircraft, Rear end of the Mk 20 refuelling pack, made by Flight Refuelling Limited, 
built during the last two years at the Royal Aircraft Establishment. showing the drogue in the stowed position. It transfers 150 gallons per min. 








Spanners by Brades Nash Tyzack Limited apply International Comet 4 (the de Havilland 106) carries 81 passengers 3,000 statute miles at a cruising 
pressure to the faces and not to the crest angles. speed of 500 m.p.h. Each Rolls-Royce RA29 engine develops 10,500 lb. The all-up weight is 162,000 Ib. 





= Operating in conjunction with a ram-air cooled heat exchanger, this The Goodyear wide base Sure-Grip Lug Earthmover is the largest tyre 
“i Godfrey CA-7 Mk 5 cold air unit is for cooling the aircraft cabin. made here. It is of about 8 ft diameter, in both tube and tubeless form, 




















































Design 


Northern Aluminium Company Limited have 
designed an aluminium alloy van body of simple 
construction, suitable for marketing in kit 
form and assembly by unskilled labour. The 
prototype (built by Willowbrook Limited, of 
Loughborough) is mounted on an Austin 5 ton 
normal control diesel chassis. 

The body is made of Noral B51SWP aluminium 
alloy sheets riveted to extruded sections of the 
same alloy to give strength and resistance to 
denting. A full-length top-hat section rubbing 
rail (also in BSISWP) gives protection to the 
body sills. The body weighs only 10 cwt com- 


A series of experimental investigations was 
recently undertaken into the effects of dynamic 
torsion tests on mild-steel specimens, during which 
dynamic torque-twist curves were obtained 
photographically at various temperatures. The 
maximum rate of straining was 4-5 per sec and 
the range of temperatures from + 100°C to 
— 196°C. The curves were reproduced by 
selecting salient points from the photographic 
traces. A typical result for No. 2 steel is shown 
in Fig. 1. Brittle fractures occurred:at the lowest 
temperature and the highest rate of straining. 
Shear stress-strain curves were drawn from the 
torque-twist curves using the standard relation: 


1 dT 
=—— iia 3 31) 
ala, 
which assumes constant distortion energy. 
It follows from this assumption that 


t, = 0-578 8, 


In these tests the ratio 7,/5, was found to be 
0:77. This result compared favourably with the 
ratios calculated from details contained in other 
published papers. If the constant distortion 
energy criterion is accepted, it follows that the 
stress system induced by torsion is not purely 
biaxial. Let it be supposed that, by reason of 
reduced temperature, high strain rate and 
change in contour, a material tended to harden 
in a certain locality, so that, due to torsion, there 
was a tendency for the material to fail in tension 
along a helix. In such a case, tensile cracks would 
form at 45°, regularly spaced around the peri- 
phery extending in length along the helix for 
only a short distance, since the stress propagating 
the cracks would rapidly decrease in the more 
ductile parts of the material. As _ twisting 
proceeded, these tensile cracks would tend to 
become axial in direction, causing a lengthening 
of the specimen. This effect would induce a 
corresponding tensile stress at the centre of the 
specimen. As there could be no resultant axial 
load, a change from tension to compression would 
take place at a certain radius. It follows that 


LIGHT ALLOY VAN BODY 


DYNAMIC TORSION TESTS 
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plete with heavy-duty extruded floor planks 
and full-height double doors. 

It is hoped that a wide range of similar bodies 
will be available in kit form for overseas markets. 
Aluminium flooring or lining could be supplied 
with the kit if required and a variety of aluminium 
rear door closure arrangements have also been 
designed. This new method of supplying 
packaged body kits will help overseas body- 
builders, for they will be able to obtain pre- 
engineered body shells that local labour can easily 
assemble and fit out to serve local conditions, 
operators’ requirements and the type of load. 
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the relation perature, overall twist decreases with decreasing 
+= fG¢® temperature. It is also apparent that there is a 
does not represent the complete system of stresses limited relation between yield shear stress, 


in round bars after torsional overstrain. 

It is apparent that the strain of a specimen is 
composed of elastic, elasto-plastic and plastic 
components. The elasto-plastic component is 
unaffected by strain rate but is affected by 
temperature in such a way that a maximum 
uniform elasto-plastic twist occurs at a sub-zero 
temperature. After reaching this critical tem- 


temperature and strain rate and that, at a certain 
temperature, yield shear stress is independent of 
Strain rate. 


Copies of the complete paper, of which the 
above article is a digest, may be obtained from 
Mr. J. B. Hunt, Department of Mechanical 
Engineering, The University, Southampton, price 
25s post free. 


BOOKLET ON SCREW THREAD STANDARDS 


The engineering world is so bedevilled by the 
multiplicity of screw thread standards (according 
to W. H. A. Robertson and Company Limited, 
Lynton Works, Bedford) that they have collated, 
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in one volume, the screw thread standards of 
the world. Compared are more than 2,000 
standards from the 33 countries that have 


published their own National Standards for 


, —— 











screw threads. One hundred and eight screw 
thread forms are shown in the booklet which is 
available for 10s a copy. Some of them are given 
here to show you just how useful the booklet is. 
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FERTILISERS 


Fisons’ New Plant Has 
Unusual Flowsheet 


A factory built for Fisons at Stanford-le-Hope is 
now on-stream making fertilisers with a high 
nitrogen content. The sole basic feedstock is 
ammonia. The flowsheet is so designed that nitric 
acid formed by oxidation of this feedstock is 
absorbed at high pressure. The resulting plant is 
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small and has low power consumption. 


™ opening of the new nitrogen factory built for Fisons at Stanford- 
le-Hope, Essex, represents one of the most important advances in 
the fertiliser industry since the Second World War. Nitrogen is derived from 
ammonium nitrate in two forms: first from the “nitrate” part of the 


compound in which it is fast acting, and second 
from the “ammonium ”’ content in which it is 
eo acting. The total percentage of nitrogen 
1S . 

The chemical is made by straightforward 
neutralisation of nitric acid with ammonia, the 
acid itself having been made by catalytic 
oxidation of the latter. As a result, the only 
basic ingredient is ammonia, and this is supplied 
by Shell Chemical Company from adjacent 
Shellhaven for storage in a 2,000 ton sphere— 
said to be the largest in the country. In practice, 
small amounts of nitric acid are ‘“ imported ” 
from Shell, but the main requirements are met 
by production at Fisons’ plant, and it is in this 
part of the production of ammonium nitrate 
that the process is most interesting. 

Oxidation of ammonia is carried out at high 
pressure over a platinum-rhodium gauze. The 
exothermic heat from the process is recovered 
in two ways, with sufficiently high efficiency to 
make the process self-sustaining. First the 
gases are used for raising steam which is used 
to supply part of the power for the compression 
of the air, and for other process requirements; 
second the reacted gases are themselves passed 
through an expansion turbine which forms the 
other part of the drive to the air compressor. 
What is unusual is the point at which the nitric 
acid is extracted from the reacted gases, there 
being two alternatives—either before or after 
expansion. Accepted practice has been to 
expand the gas and then absorb the acid in 
low pressure towers, but this Fisons plant uses 
the other alternative, with the acid absorbed in 
much smaller, high pressure towers. This latter 
process demands that the gases be cooled down 
before aqueous extraction, and, for economy, 
be heated up again before expansion. Thus 
the process diagram, Fig. 1, includes more heat 
exchangers than is usual with this process. 
The overall benefit to Fisons is a smaller, more 
compact plant. 

_ To go into more detail, the process employed 
is a modification of the Du Pont process. 
Ammonia is catalytically oxidised by passing 
a 10 per cent ammonia-air mixture through 
Platinum-rhodium gauze pads. The necessary 
air is filtered and compressed to 120 Ib per sq. in 
In a 7,000 h.p. 9-stage rotary compressor, 
driven by a steam turbine and gas turbine on 
a common shaft, see Fig. 2. The gas turbine 
operating on heated tail gas at 801b per sq. in 
Provides about two-thirds of the energy for the 
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compressor, the steam turbine the remainder. 
Evaporated ammonia at 115]b per sq. in is 
fed into the air stream through a mixer and 
thence to the converter where the catalytic 
oxidation occurs. The reaction is exothermic 
and the catalyst is maintained at a temperature 
of 940° C. 

The hot gases containing oxides of nitrogen 
are first cooled in a series of heat exchangers 
and then in a waste heat boiler. Final cooling 
is achieved in a serpentine cooler sprayed with 
water. The cold gases are mixed with secondary 
air and passed into a bubble-cap absorption 
tower, where the oxides of nitrogen are absorbed 
in water to form nitric acid. The product flows 
to storage. 

In what is described as a “‘ unique new unit,” 
the exhaust gases are catalytically reacted with 
fuel gas to ensure complete removal of oxides 
of nitrogen before they are released into the 
atmosphere. 


Fig. 2. The air compres- 
sor is driven by a steam 
turbine and a. tail-gas 
turbine, all three units 
being on the same shaft. 


The process is operated continuously except 
for a short shutdown every three weeks for 
replenishment of platinum-rhodium catalyst. 
A minimum nitric acid yield of 92-5 per cent 
of the theoretical is guaranteed. 

Of the 400 tons a day ammonium nitrate 
all that need be said is that the process used is 
known as the Stengel process, as developed by 
Commercial Solvents Corporation of New York. 
Nitric acid and ammonia are mixed in a specially 
designed reactor to give an 86 per cent solution 
of ammonium nitrate in water. 

This finished product is pumped away to 
storage, where it is kept at a temperature of 
120°C. It leaves the factory—en route for 
Fisons’ compound fertiliser plants—in road or 
rail tankers specially built to carry a chemical 
which must be kept above its freezing point of 
85° C if the solution is not to crystallise. In 
case of delay, the tankers are fitted with steam 
coils in order to ensure this. 
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ARTISTS WORK ON WIDE 
ALUMINIUM 


Remember the plant used at the Rogerstone 
Works of Northern Aluminium for Argonaut 
welding aluminium plate up to 11 ft wide? (see 
ENGNG., vol. 185, pp. 410-412). This plant was 
built as an interim measure, to be used until a 
new wide rolling mill was put in service. The 
artists have been busy on the new project with 
the result shown below. The real thing—a four- 









































































An artist's impression of Northern 
Aluminium’s new rolling mill. 


high reversing mill with a roll width of 12 ft is 


being built by Davy and United Engineering. ‘ 


When it comes into service about the end of 
next year, it will enable Northern to supply 
aluminium—for such purposes as ship’s plate— 
in widths of at least 10 ft. 


ST. LAWRENCE ALUMINIUM 


Making use of electricity supplied from the 
St. Lawrence Seaway hydroelectric projects, 
Reynolds Metal Company has started up the 
first of three new potlines for producing alu- 
minium. The plant is at Massena in the 
International Rapids section of the project. 
This first potline has an annual capacity of 
33,000 tons and will soon be joined by two others 
to bring the company’s production to near 
700,000 tons a year. 

Next door to Reynolds is a Chevrolet foundry 
where automobile castings are made in alu- 
minium. Crucibles have been constructed to 
allow transport of molten metal to Chevrolet by 
foundry truck. Entering the crucibles at 





Molten 
by road from Reynolds to Chevrolet. 


aluminium is transported 


1,780° F, the aluminium can be retained in the 
molten state for several hours. 

Reynolds are noted for running the largest 
potlines in the Western world, with the current 
through each cell believed to be more than 
125,000 amps. 


NICKEL-CHROMIUM CASTING 
ALLOY 


Nimocast 713C is the newly announced Wiggin 
made equivalent of Inconel 713C—a_nickel- 
chromium casting alloy developed by the 
International Nickel Company. This is one of 
a number of complex high nickel alloys, intended 
for investment casting, which have high tem- 
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perature strengths comparable with those of the 
wrought Nimonics. In the United States, where 
cast turbine blades are accepted for production 
engines, this alloy is already well established. 

Best properties are developed on vacuum 
casting followed by a heat-treatment of two 
hours at 1,170° C and air cooling, but casting 
in a protective argon atmosphere yields good 
results, and the heat treatment is optional. 

Henry Wiggin and Company are at Thames 
House, Millbank, London, SW1. 


Stress-Rupture Properties of Nimocast 713C 


Stress in Tons per sq. in for Life of 


Temperature, 


30 hrs 100 hrs 300 hrs_ | 1,000 hrs. 





| 
| 


870 22°8 19-0 16-5 | 14-5 
940 14-0 12-0 10-0 | 8-5 
980 10-5 8-7 | 7°5 6°8 


! = 


Investment cast in vacuum. As-cast condition—no heat 
treatment. 


BLAST FURNACE LINED WITH 
CARBON 


Great Lakes Steel Corporation, Division of 
National Steel Corporation, USA, has installed 
some 45,000 carbon bricks weighing nearly 
300 tons, in rebuilding and redesigning one of its 
blast furnaces. The carbon lining increases the 
hearth diameter to 294 ft from the 28 ft diameter 
possible with a thicker ceramic lining. 

The carbon hearthwall is 27 in thick and 
approximately 15 ft high. The next section, the 
tuyere breast, is 18 in thick and nearly 7 ft high. 
The upper section, the bosh, is 15 in thick and 
almost 13 ft high, with the individual bricks 
tapered on the ends to fit the bosh slope of some 
6° from the vertical. 


PLANT FOR POLYESTER FILM 


Melinex is the name given by ICI to the film 
which is based on the same polyester plastic as 
Terylene fibre. Now, this company is building 
a 2,000 tons a year plant near Dumfries to 
manufacture it, for it has in the past been 
imported from America and the Continent, 
despite the fact that it was first developed in this 
country. 

Melinex and Terylene inherit the same good 
properties—high mechanical and _ dielectric 
strength, and chemical and heat resistance. In 
addition, Melinex has crystal clarity. In the 
electrical industry it is used for small capacitors, 
slot insulators and for lapping material in cables. 
Melinex has been used for lining hoses and for 
conveying gases and corrosive chemicals since its 
resistance to some of these is very good. 


EPOXY HARDENERS AND 
ELECTRICAL LAMINATES 


With the introduction of new epoxy resin har- 
deners, mixes may be formulated, it is claimed, 
at appreciably lower cost than hitherto. Details 
from Bakelite Limited, 12 Grosvenor Gardens, 
London, SW1, are published on advance informa- 
tion sheet E32. 

Two epoxy glass laminates have also been 
introduced, details of which are on sheet E34, 
as above; the second of these is a copper-clad 
version either with 1 oz or 20z copper foil. 
Both exhibit the typically good mechanical 
strength, water resistance and electrical proper- 
ties of epoxy glass laminates. 


NITRILE RUBBER-METAL LAMINATE 


A new material called Hy-Clad is a laminate of 
nitrile rubber and light alloy sheet. Made by 
Fireproof Tanks Limited, The Airport, Ports- 
mouth, from British Geon Rubber, it enables 
gaskets and washers made from the material to 
be used repeatedly without damage. Moreover, 
this nitrile rubber laminate can be used in 
contact with fuels. 

The presence of the interlayer of aluminium 
prevents creep beyond limits of the joint face, 
and in fabrication allows Hy-Clad to be sheared, 
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drilled, punched or routed. The meta! sheet is 
16 to 26 s.w.g. and the rubber within the standarg 
limits 0-003 to 0-030 in. Multiples and sang. 
wiches can be made to order. 

















































Strength and creep resistance 
of the new gasketing material 
arise from the metal layer, 


CABLED NYLON TUBES 


1, 3, 4, 7, 12 or 19 nylon tutes are laid up in the 
fashion of an electric cable in a new product 
of British Insulated Callender’s Cables Limited, 
21 Bloomsbury Street, London, WCl. The 
tubes are identified by colour and are sheathed 
overall with pve or pcp (polychloroprene); they 
can also be provided with steel wire armour 
protection. Typical application is for remote 
pneumatic or fluid-operated monitors. 


STRONG PLASTICS PIPE FLANGES 


A process patented by Foster Brothers Limited, 
of Wednesbury, Staffs, allows the flange on 
polyethylene pipe to te made from double 
thickness wall using hot gas heating: the com- 
pany claim that tenefit results from avoidance of 
the high temperatures encountered in welding-on 
flanges or in making spigot and socket joints. 
The joints are completely plastic to plastic and 
available on lin to 6in o.d. tute. Tests on 
34 in o.d. tube have illustrated that the flanged 
coupling is stronger than the tube itself. 


DUPLEX NICKEL 


The development of duplex nickel coatings for 
improving the corrosion resistance of deposits 
has resulted in various systems and types of 
solution for the purpose. W. Canning and 
Company Limited, Great Hampton Street, 
Birmingham 18, have developed a system which 
combines the advantages of their Nivo nickel 
with the levelling and brightness of BQ840 
bright nickel solution. The dual deposit gives 








Microsection of a duplex nickel 


deposit; the exposed surface 
is bright nickel (500 magn.) 


a corrosion protection equal to a_ polished 
Watts type nickel without the need for polishing. 

The initial deposit is obtained from High 
Speed Nivo solution, a development of the Nivo 
which was first introduced in 1910. This 
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NEW GLASS FIBRE 
CALLED CROWN 


Means More Efficient Insulation 


The process called Crown, which has given its 
name to the glass fibre thus made, is not new: 
Saint Gobain have been playing around with it 
for twelve years—on a production basis for 
three—and the Owens-Corning Corporation in 
the United States are making use of it. These 
firms, however, have operated it under different 
names. Crown is what the St. Helens firm of 
Fibreglass Limited have adopted for the process 
and the product—a glass fibre of smal! diameter 
which is incorporated in thermal and sound 
insulation. 

Atacost of around a quarter of a million pounds 
Fibreglass have installed one production line— 
its output, is about 50 million cu. ft of insulation a 
year (although this varies with the density). 
Eventually all glass fibre insulation made by this 
company to this quality will be made by the 
Crown process. The immediate benefit to the 
consumer is a product which, whilst offering the 


Details of the fibre forming unit. 
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Mat of glass fibres 


moving between mesh 


belts into the curing oven 


same insulation value and costing the same as 
the material which it replaces, is of better quality, 
handles better, has better recovery and strength, 
and weighs less. These all add up to making 
the material more attractive for the builder, 
whether commercial or do-it-yourself. 

To elaborate on the qualities, the process 
results in a fibre with negligible shot content, 
and the finer fibre than previously offered is 
kinder on the hands of those installing it. 
Recovery is important because it measures the 
ability of a highly flattened or compacted insula- 
tion to spring back to its original thickness. 
The recovery of the new product is up to 98 per 
cent compared with typical figures of 85 per cent 
for bitumen bonded Fibreglass, rockwool and 
slagwool. This means that insulation can be 
highly compressed for easy transport and 
economic storage. 

Crown Fibreglass insulation has improved 
thermal conductivity—that means lower. Of 
course, the more tightly packed are the fibres, the 
lower is bound to be the overall conductivity, 
since they more effectively prevent air convection 
currents in the material—the main element in 
heat transfer. The grade with a density of 2 Ib 
per cu. ft has a thermal conductivity of 0-23 Btu 
per sq. ft per hr per ° F per in, which compares 
with about 8-0 for brickwork, 1-0 for an air 
space, 0-3 for slag wool, 0-20 for the best grade 
of Onazote expanded rubber, and is about 
20 per cent better than the old bitumen bonded 
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Fibreglass which has been in extensive use. 


Now to the process. Molten glass at a tem- 
perature of about 1,100° C runs along a canal— 
the forehearth—and drops through a platinum 
bushing into a rapidly revolving Ni-Cr alloy steel 
dish. This has hundreds of fine holes around its 
periphery and is driven at 3,000 r.p.m. in two 
no-clearance bearings. By centrifugal force the 
glass is thrown out through these fine holes to 
form a fibre and is subjected to further heating 
whilst in flight to continue the attenuation 
process and to increase the fibre fineness. Fibres 
so formed have a diameter of approximately 
0-00024 in, which compares with 0-00060 in 
for the old vacuum process, and 0-00004 in for 
the ultrafine fibres used in aircraft insulation 
(and where, incidentally, there is no premium on 
cost). 

As shown in the diagram, the resultant fibres 
are directed on to a travelling conveyor and on 
their way down are sprayed with a phenolic 
resin, which is subsequently cured when the mat 
is passed through an oven between two mild steel 
wire conveyor belts. 

At present three grades of Crown are made, 
in densities of 3, 1 and 2 lb per cu. ft, which can 
be used for most insulation applications requiring 
a strong, resin-bound material. By 1960 Fibre- 
glass expect to have incorporated the new 
product in rigid sections, flexible sections, strip, 
sewn sheet and wired mattress without a binder, 
and slabs. 
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solution is simple, cheap to operate and does not 
require frequent heavy carbon treatment. From 
this solution, components are transferred directly 
—without rinsing or striking—into a BQ840 
or BQ860 bright nickel solution to obtain a 
fully bright, levelled deposit. The High Speed 
Nivo solution is compatible with both BQ840 
and BQ860 solutions, and there is no danger of 
laminated deposits being formed. 


FLAMMABLE LIQUIDS 


Most members of ethyl’s family can be put out 
with references 3 or 4 if they are unfortunate 
enough to catch on fire. References 3 and 4, 
one learns from the Fire Protection Association’s 
booklet on IJndustrial Solvents and Flammable 
Liquids, are carbon dioxide, carbon tetrachloride 
and similar extinguishing agents (3), and dry 
powder (4). The booklet is well worth taking 
seriously—it being a revised edition of the one 
which appeared in 1954. The properties of 
400 liquids are tabulated under 11 headings— 
from Flash Point to Suitable Extinguishing 


Agent—among which information on _ flash 
points and flammability limits has been exten- 
sively revised. Copies are obtainable from the 
Association at 31/45 Gresham Street, London, 
EC2. (3s) 


COAL TAR EPOXY COATING 


Useful properties claimed for Epi-Tar, a new 
coal tar epoxy coating, are that a layer of 0-010 in 
thickness may be applied in one brushing, and 
that this will cure under all conditions to give 
excellent resistance to boiling water, to acids, 
alkalies and petroleum products. The coating is 
made by Corrosion Limited, of Southampton, 
and is supplied as a two pack material, which has 
a pot life of about five-days. 


RUST PROOFING WITHSTANDS 1000°F 


A new preparation—Metalife 1000, is claimed 
to offer corrosion protection to iron and steel 
structures at temperatures up to 1,000° F. This 
extends the range of preparations made by 
Southern Metalife Limited of Harrogate, York- 
shire, which hitherto had consisted of four zinc- 


containing coatings for use up to 550° F. 
Metalife 1000 is an inorganic preparation which 
deposits a thin continuous anodic film, primarily 
of zinc, on to ferrous surfaces. It is sold in two 
packs, the one metallic, the other acidic, and it 
is recommended that the reacted preparation 
should be used within 8 hours of mixing. No 
chemicals are incorporated to remove rust or 
paint, so surface preparation must be thorough. 
Use has already been made of the product on 
steel chimneys, boiler fronts, exhaust silencers, 
cupolas and ovens. 


LEAD PRIMER 


Pitan metallic lead primer forms a blanket of 
lead on iron and steelwork and seals the surface 
from electrochemical activity. Additionally the 
lead, with the oil in the film, forms lead soaps, 
which combine to give excellent adhesion and 
restrict the spread of corrosion. Lead soap is 
good (with apologies for the pun)—all this, 
incidentally, for ld a square foot, from All- 
weather Paints Limited, 36 Great Queen Street, 
London, WC2. 
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CATERPILLAR TRACTOR 
PRODUCTION METHODS 


Size and cleanliness are probably the first things 
that a visitor would find remarkable about the 
Caterpillar Tractor Company’s new factory at 
Tannochside. The plant site covers 65 acres of 
which 16 are being used at present; 13 acres are 
under one roof. The company has successfully 
solved the problem of producing, in the different 
conditions obtaining in this country, tractors 
identical to those made by the parent firm in 
the United States. Fig. 1 shows the motorised 
tractor assembly line and Fig. 2 the engine 
assembly line. 

At present the factory is equipped to produce 
the D8 tractor in its two forms: the direct drive 
model and the torque converter model, both of 
which are powered by Caterpillar diesel engines 
of 235 h.p. The second version employs a 
Rolls-Royce torque converter unit. Next year 
the company proposes to produce the D4 
tractor and the Traxcavator. No final pro- 
duction figures are available, but the output 
anticipated is 1,500 units per year as the factory 
now stands. The factory is designed for 
expansion. 

The production layout was planned com- 
prehensively and in detail in the earliest stages 
of the project. The present scheme includes 
several innovations. In particular, use is made 
of a wall-mounted grid board which gives the 
position of every item in the factory layout. 
Fig. 3 shows a simplified layout of the factory 
and Fig. 4 the grid board itself, which in reality 
stands some 8 ft high and employs a colour 
code. 

The logical point to start a tour of these 
works is the receiving area. Here, the incoming 
goods—sheet steel, castings, forgings and other 
finished or unfinished tractor parts—are checked 
before being palleted and moved to the appro- 
priate assembly line or storage space. Con- 
veniently situated nearby is the metallurgical 
laboratory, which is equipped with chemical, 
mechanical and optical testing devices. At this 
early stage the visitor meets, for the first time 
in this factory, the two words which govern the 
whole manufacturing process—quality control. 
At every machining station throughout the 
factory is a quality control chart in a prominent 
position. 

In considering the production process reference 


is made to the simplified plan in Fig. 3, which 
indicates (1) the gear and shaft line; (2) the heat 
treatment line; (3) the case and block line; and 
(4) the frame and case welding line. These lines 
feed (5) the engine assembly line: and (6) the 
tractor assembly line. 

The lines themselves do not embody any 
revolutionary features, except in the high degree 
of quality ensured. Perhaps the most interesting 
line is that devoted to heat treatment, which 
is now considered in further detail. 


HEAT TREATMENT BY CONVEYOR 


The heat-treatment line, which is 150 ft long, 
discharges tractor parts that have been hardened, 
cleaned and tempered. The hardening furnace, 
the quench tanks and quenching mechanism, 
and the associated conveyor line were all designed 
and built by the Electric Resistance Furnace 
Company Limited. The metal parts travel 
through the complete process in two lanes on a 
driven roller conveyor. After being machined 
to size they enter a roller hearth furnace where 
they are heated to 870°C. As they leave the 
furnace, parts to be water quenched pass through 
a set of sprays, and parts to be oil quenched are 
automatically collected in batches within the 
furnace and moved along the line to an oil 
quenching station. After the hardening process, 
the parts move into a wash booth where all 
traces of oil are removed, prior to being sub- 
jected to induction heating as part of the tem- 
pering process. The parts are finally cooled by 
water spray before being discharged at the end 
of the line. 

Clearly, the progress of the parts is inter- 
rupted by some of the operations, including the 
oil quenching process. In order to maintain the 
maximum rate of production, the roller conveyor 
is arranged in sections, each with its own inde- 
pendent drive so that individual sections can 
be speeded to hurry the parts as necessary from 
One operation to the next. The overall conveyor 
speed is variable between 1 and Sft per min, 
but after the delay caused by the machining 
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Fig. 1 Engine assembly line in the Caterpillar 
Tractor Company’s new factory at Tannochside, 


operation the parts move to the furnace at 
speeds up to 15 ft per min. 

The roller hearth furnace has a heated chamber 
50 ft long by 3ft wide and 2ft high. It is 
heated by nickel-chrome elements mounted in 
the roof, side walls and underneath the hearth. 
These elements are of substantial section to 
ensure long working life and are mounted away 
from the brickwork to give maximum heat 
dissipation. They are arranged in four inde- 
pendently controlled zones, those in the final 
zone being positioned to compensate for heat 
losses through the door. Fully insulated and 
counterbalanced doors are fitted at both ends 
of the furnace, the exit door being made of heat- 
resisting material and water cooled. The 
rollers throughout the furnace are made of heat 
resisting steel and provision is made for turning 
them by hand in the event of power failure. 
All four zones are protected from overheating 


Fig. 3 Layout of the Tannochside factory. 


1. Gear and shaft line. 
2. Heat treatment line. 5. 
3. Case and block line. 


Fig. 2. The motorised tractor assembly line. 
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4. Frame and case welding line. 
Engine assembly line. 
6. Tractor assembly line. 
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by instruments which give audible warning if 
they come into operation. The ancilliary elec- 


trical equipment, with the exception of the tem- 
perature control gear, is housed above the 
furnace on a platform erected for the purpose. 
Beyond the furnace, is the water quench 
station where eight jets, together delivering 
400 gallons of water per minute at a pressure of 
80 lb per sq. in, are directed on to the tractor 
parts. The water is pumped from, and returns 
to, a tank on the floor beneath the conveyor 
which is fitted with baffle plates designed to 
trap scale and with a chute for scale removal. 
The temperature of the quenching water is con- 
trolled automatically by a device which operates 
a valve in the water supply line. Throughout 
the water quench area the rollers of the con- 
veyor are of hardened stainless steel and have 
sealed bearings to keep out the scale and water. 
Adjustable guide bars are mounted on the con- 
veyor supports to ensure that the parts are 
properly aligned while passing through the jets. 


FROM CONVEYOR TO BATCHES 


Parts to be oil quenched are subjected to an 
automatic quenching sequence initiated by 
photoelectric devices installed within the furnace 
chamber. Several such devices are fitted to 
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solution to remove the oil, and then with hot 
water. The spray jets are placed so that all 
surfaces of the parts are cleaned. The rinsing 
water is steam heated and temperature con- 
trolled. This section of the conveyor is also 
fitted with stainless steel rollers. 

From the wash booths the parts are carried to 
‘induction coils fed from high frequency genera- 
tors. They remain stationary within the coils 
during heating for tempering and are subse- 
quently cooled by overhead water sprays. This 
production line discharges some 6,000 lb of 
tractor parts every hour. 


BRITISH MACHINE TOOLS 


The machining lines in general follow conven- 
tional practice. Although the factory and its 
products are American in origin, some 95 per 
cent of the machine tools are of British manu- 
facture. The factory’s working floor is made 
of wooden blocks, a common practice in the 
United States. Such a surface is said to make 


a good working floor providing easy movement 
of machines and affording easy access to the 
associated electrical conduiting. 

The two main production lines, the tractor 
assembly line and the engine assembly line, are 
mechanised and fed by subassembly lines which 
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Fig. 4 A coloured grid board is kept up to date, and 
shows the position of every machine in the factory. 


cope with the range of part sizes being processed. 
The sequence starts with the retarding of the 
parts inside the furnace until a suitable batch 
has been assembled. The batch is then quickly 
moved from the furnace to the oil quenching 
position beyond the water-quenching station— 
at speeds up to 140 ft per minute. At the oil- 
quenching position a section of the roller con- 
veyor serves as a quench table. The table 
awaits its full load and then descends into an 
oil quenching tank, the parts being immersed 
for a preset time in oil which is being circulated 
at a rate between 350 and 400 gallons per minute. 
The oil is fed onto the parts through a family of 
nozzles, designed and located so as to direct the 
flow of oil up over the parts. When the quench- 
ing is complete, the parts are raised from the 
tank and moved forward to catch up with the 
batch ahead. 

After quenching, the parts move to the wash 
booth where they are sprayed, first with alkaline 


hold stores for ten days of tractor production. 
As they leave the end of the line the products 
in both cases are subject to testing. In the case 
of the engine line, the 235 h.p. turbocharged diesel 
engine is dynamometer tested under varying 
work loads for four hours, while fuel consump- 
tion, water and oil temperatures and cylinder 
head pressures are measured and recorded. A 
proportion of the engines, selected at random, 
are tested more extensively and then stripped, 
inspected and rebuilt. 

Similarly the tractors are lifted clear of the 
assembly line on completion and placed on to 
their tracks and driven under their own power 
to a test bay, where they are anchored to a steel 
bar and run on two lubricated steel plates. 
Each tractor skids over these plates while steer- 
ing clutches and brakes are tested, and other 
operating adjustments are made. After tests 
have been completed, the tractors are taken to a 
holding area prior to shipment. 


Marketing 


Exports Respond 


There has been a further substantial improvement 
during the summer quarter in export performance 
and in British export prospects. The July issue 
of the GEC Export Guide indicates that prospects 
are good in 14 countries and improving in 10. 
The only large potential markets in the “* bad ”’ 
or “ deteriorating” categories are India, South 
Africa and New Zealand. There is little doubt 
that the United States industrial recovery, with 
its boosting effect on commodity prices, has 
been a major factor in this improvement, sup- 
ported by stronger British and European buying. 

The guide has an article on “* Japan’s Export 
Revival.” In 1958 the Japanese almost regained 
their pre-war (1937) volume of exports and have 
emerged as formidable competitors to the Western 
European and North American exporters in most 
markets. The most striking difference between 
the pre-war and the present pattern of Japanese 
exports is their lower stake in Asia and consider- 
ably increased stake in the United States (Japan’s 
largest market) and Africa (14 per cent of her 
total exports). While textiles still remain the 
most important group of Japanese exports, 
machinery, ships and chemicals have also become 
prominent. 

The low cost of production and rapid delivery 
have allowed a phenomenal increase in Japanese 
ship sales, mainly to Liberian and Panamanian 
flag owners. 


Globe 


Trips abroad by company executives to see for 
themselves something of the markets for their 
products are being advocated at practically 
every conference held to discuss exports. Some 
cynics comment that far too great a proportion of 
these sorties are, in fact, none other than joy 
rides for top brass in need of a holiday. There 
is certainly some truth in this, apparent in the 
choice of Latin America, Australia, and other 
warm climates, during Britain’s winter. It is 
equally clear that few companies make any 
progress abroad unless senior men go out fact 
finding and contact making. Increasingly there 
is a tendency to send out men with training in 
sales or, better still, in market research, who go 
out with a good brief, a well planned itinerary 
and every chance of producing a useful report 
on their return. 

One such man is Mr. P. A. Sjogren, a Swedish 
born engineer, who is a member of the sales 
force of Pollard Bearings Limited. He returned 
recently from a 30,000 mile tour of North 
America, having already carried out a market 
survey tour of several European and Iron Curtain 
countries and the Middle East within the past 
twelve months. Now Mr. Sjogren is on his way 
to South Africa for a full year’s visit. He will 
see most of the well-populated areas of Africa, 
from Capetown to Cairo. The company expect 
that this survey will uncover further outlets for 
the distribution of their automobile and industrial 
bearings. 


Trotters 


Hire Purchase in Italy 


The sale of consumer goods on hire purchase is 
by no means well established in some European 
countries. A recent report of the halting pro- 
gress in this direction currently being made in 
Italy is published in the August issue of Pirelli’s 
house magazine, Rivista d’informazione e di tec- 
nica. Instalment selling in Italy of goods for 
general consumption is still hitting against a 
number of prejudices. ‘“* Quite many,” states 
the article, ‘* do actually consider that buyers of 
goods on instalment payment basis show weak 
financial positions as well as some unconsiderate 
frame of mind, and many others feel certain that 
such sales prevail in low general income coun- 
tries.” 































































































Marketing 


Pirelli point out that the reverse is, in fact, 
true, and that it is in the richest countries that 
instalment buying is most widely adopted. They 
enjoin their readers to note that such sales 
** grant a valuable way to stabilise the economy 
of a country.”” Views on this would be divided, 
even in the United States, but there is no question 
that the countries with the heaviest public 
indebtedness are the most prosperous. 


Television in Africa 


Western Nigeria is to have a television network. 
Her Government have placed orders for two 
transmitting stations with Marconi’s Wireless 
Telegraph Company Limited. The stations are 
to be located at Ibadan and Abafon. A further 
contract awarded to Marconi’s provides for the 
technical operation and maintenance of the 
stations for a preliminary period of one year 
during which Nigerians will be trained to help in 
taking over the operation of the new service. 
This unexpectedly early development of the 
African market will be welcomed by British 
manufacturers of television receivers, who must 
already be concerned with the coming saturation 
of the home market. 


By Any Other Mark 


At some stage in the development of most 
companies the change within has to be reflected 
to the world outside. Trade marks tend to play 
an increasingly important part in presenting a 
company to the public; indeed, a really success- 
ful one becomes, in fact, a hallmark of the quality 
service and other characteristics that make up a 
company’s impact on the minds of employees, 
customers, suppliers and investors. To change 
a trademark which has been a world publicised 
symbol for 30 years, therefore, is a major decision. 
Its justification, in the case of the Hyster Com- 
pany of Portland, Oregon, which have recently 
taken such action lies in the fact that they are 
now too different to retain the same public face. 

Their new trademark, created by their design 
consultant, Mr. Henry Dreyfuss, is a block H 
with two arrows pointing towards the company’s 
name on the transverse bar. It is clean in line 
and represents what Hyster call ‘* the modern 
functional styling ’ of their industrial truck and 
tractor equipment, together with their ‘ pro- 
gressive outlook to the future.”’ It could hardly 
be a greater contrast to the ‘ Venerable Atlas 
Symbol ” which it replaces. 


Trade Revives 


The strong upward trend in overseas trade on 
both sides of Britain’s account, much evident in 
the second quarter of the current year, continued 
during July. Exports, which had fallen in June 
from the very high level of the two previous 
months, rose sharply again by £36 million, to no 
less than £287°8 million, or only a little way 
short of the April-May figures. Imports showed 
a further increase, of £21 million, to £352-9 
million; the highest point reached since July, 
1957. 

There has been, however, no improvement in 
the country’s trade balance. The visible trade 
deficit of £56 million in July was £14 million less 
than in June, but nearly £19 million more than 
the monthly average for the first half of the year. 
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TOOLS FOR THE JOB 


To the ranks of those who always want to be the 
handyman about the house have been added 
many who have found the cost of labour to be 
too high. As a result, more and more homes 
now have some sort of workshop, ranging from 
a trestle on the landing to a shed in the garden 
equipped with all mechanical aids. 

The basis of nearly all these workshops is 
the 4 in electric drill. This has become, mainly 
since the war, a truly multipurpose machine 
which bids fair to be the universal maid-of-all- 
work. So many attachments are now available 
that no other power source is needed in workshop, 
kitchen or garden. Take, for instance, the 
Bridges version. 

Placed upside down in a frame, it becomes the 





Two recent additions to the range 
of hand shaping tools. (Above) 
the Surform  drawplane, and 
(below) the Stanley shaper-junior. 


power unit and headstock of a lathe. It can 
drive a circular saw, and when fitted to the saw 
table can be used for spindle moulding, cross- 
cutting, rip sawing, dovetailing, mitreing or jig- 
sawing. With the proper tools, it can be used 
for sanding or polishing. It can also be used 
as a drill—and even for this there is a two speed 
attachment. 

A more recent attachment is a paint spray gun, 
which opens yet another field of usefulness. 
A small air compressor attaches directly to the 
drill spindle and is capable of producing pressures 
up to 100 lb per sq. in. The trigger controlled 
spray gun is attached by a 10ft flexible hose. 
Another use for the compressor is to inflate car 
tyres. 

Since paint often requires mixing and always 
necds stirring, a power mixer attachment has 
made its appearance. It takes the form of an 
Archimedian screw. Heavier mixtures than 
paint, such as cement or concrete, can also be 
handled, both wet and dry ingredients being 
mixed equally well. It is also suggested that 
poultry foods and mashes can be mixed with 
this implement, using a pail as the container. 

Yet another field was opened when the drill 
moved into the kitchen. There are two attach- 
ments so far. First is another mixer for cakes 
or puddings, which is also claimed as ideal for 
mashing and creaming potatoes. Second is a 
super creamer for milk shakes, omelettes, icing 
and the like. No doubt others will follow, and 
the powered mincer, bean slicer or coffee mill 
may yet be seen in “ modern ” kitchens. A floor 
polisher already exists, making a link with all 
rooms in the house. 

The drill has moved outdoors too. A hedge 
trimmer fitment has a double sided blade and 


can be adapted for right or left hand users in g 
matter of seconds. A 12in grass cutter has 
a rotary “ scythe-like ’’ action which is said to 
be especially useful for cutting long grass or 
trimming borders. A twelve bladed rotary hoe 
completes this range, except that the paint gun 
can also be used for insecticides. Finally, to 
avoid getting into tangles with the cable, a 
stand-mounted cable dispenser is available with 
a capacity for 50 yards of three-core cable. 

In spite of the encroachment of power, hand 
tools are still needed for many purposes, 
A whole new range has been introduced in the 
last two or three years based on thin slotted 
blades with chisel like teeth, that resemble 
both plane and file in their operation. Several 
makes are now available and a wide range of 
styles and types. Newcomers among them are 
the two illustrated, the Stanley shaper-junior 
and the Surform drawplane. The shaper-junior 
is a one-hand tool for awkward corners or delicate 
work; it has a blade 54 in long. The blade is a 
smaller version of that fitted in the larger models. 

The drawplane is for use when large amounts 
of stock have to be removed. It is a fast cutting 
tool, with, as the name implies, the cut taking 
place on the pulling stroke. Surform have also 





added, earlier this year, the Craftsman plane, 
a heavier version of their standard model and 
designed primarily for the professional. 

The great advantage of this type of tool is 
that the cutting blade does not clog (as a file 
may do) and that it cuts equally well on wood, 
plastics, or non-ferrous materials. One maker 
produces a blade with finer teeth especially for 
use on mild steel. The blades are fitted to 
holders shaped for filing or planing operations 
and are available both flat and half round. 
When worn the blades can be replaced quite 
simply. 

Another new Stanley product is a steel pocket 
rule—made in 6ft and 10ft lengths. The 
D-shaped case measures exactly 2 in along the 


flat bottom and so can be used for inside 
measurements. A refinement is a sliding * true- 
zero”’ hook at the end of the blade which 


compensates for its own thickness on inside and 
outside measurements. The mouth of the case 
is designed so that graduations on either side 
of the blade can be seen and sighting errors 
eliminated. The blade is very flexible and the 
makers say it can be bent to a diameter of | in 
without damage. Calibrations can be English or 
metric or a combination of both. 
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British Association Meet 








At the British Association meeting at York, the Engineering Section 
discussed Transport and Communications, following the lead given in 
the presidential address by Sir Ewart Smith (ENGINEERING, 4 Sep. °59, 
p. 124). The five papers on railway subjects are published in the 


| PAPERS ON RAILWAY TOPICS AT THE BRITISH ASSOCIATION MEETING 
| 


——__ 


following pages. 


issue. 


Three on roads and one on vertical take-off aircraft 
were published in ENGINEERING last week. 
photographic analysis of rock blasting will be published in a later 


A paper on high-speed 








RAILWAYS, ROADS AND THE PUBLIC GOOD 


The more we move around, and the faster, the 
more room we need. Or the more discipline in 


our movements. Or both. 
Surface transport within this small and 
crowded island depends chiefly upon some 


109,000 miles of ‘* right-of-way,’ of which about 
nine-tenths is ordinary road and one-tenth is 
railroad. The railroad is really a specialised 
and highly-mechanised version of the ordinary 
road, and the traffic moving over it must collect 
itself into large units called trains, which are 
then “‘ put through” under a high measure of 
discipline—the guiding rails, the signalling, the 
planned timetables, and movement control 
generally. Nearly one half of the goods traffic 
of the country, including parcels, is moved over 
this specialised one-tenth of way, and perhaps 
about a fifth or a quarter of the passenger traffic 
(at a much higher average speed). Notwith- 
standing the great peaks of demand that are 
met, the discipline prevents undue congestion. 

On the other hand, the use of railed track 
has disadvantages. A road journey at each end 
of the rail transit is often involved, with all that 
this entails. Even more important, rail cannot 
(as yet) give personal and private transport like 
the free and unmechanised road, and the dis- 
cipline it enforces is irksome. The preference 
for ‘‘personal”’’ over ‘‘ collective’ transport 
reduces the traffic and the efficiency of the 
essential public services, road as well as rail, and 
gives rise to talk of subsidies. But it also 
becomes entangled with, and reinforces, the 
ancient enmity between road and rail. 

This enmity finds a rational ground of conflict 
in the big question as to which of the two is 
the more *‘ economic” carrier, and accordingly 
the more deserving of new or better rights-of-way 
from society—important to rail because of 
obsolescence in the existing system, and to road 
because of the congestion which threatens to 
bring much of road-carrying to a_ standstill. 
The question is big in another sense also. The 
two camps are talking, between them, of an 
additional investment in land transport of some 
£7,500 million during the next decade or so. 
A brave total, over and above the sums required 
to maintain and replace the existing investment, 
and a heavy call on society’s resources! Of the 
total about £7,000 million is for road transport; 
road track needs £3,500 million of this, according 
to the Conference on Highway Needs (1957), 
and the remainder represents the expected 
growth in vehicles and servicing requirements. 


Incidentally, the present programme of the 
Government is on no such scale, though 
formidable enough. 

Which is the more economic carrier? To 


this the actual operating costs of the carriers 
themselves provide no true answer from society's 
point of view. The costs exclude imponderables 
of various kinds—safety, amenity, etc.—and 
also they are unevenly weighted by taxation such 
as fuel duty, by legacies from the past such as 
Obsolescence, inadequacy or great burdens of 
debt, by a vast complex of public regulation and 
obligation which often doubles or trebles the 
cost of services actually paid for by the public, 
and by the different bases on which the com- 
munity charges the carriers for their right-of-way. 
We need to go beneath the surface of things, and 
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ask what are the costs really entailed to society 
in manpower, fuel and other material resources 
used up by each kind of transport animal—train, 
bus, heavy lorry and private car—compared 
with the benefits it produces. 


MEASURING SOCIAL COSTS 

Can we do this, and can we replace the present 
war of propaganda statistics and _ partial 
measurings by a more scientific approach to the 
social economics of the road-rail question? 
I think we can, provided we are content with 
imprecise but not misleading impressions, and 
avoid the major statistical misdemeanours which 
are prevalent in this contentious field. 

The key move is to distinguish the costs of 
the animals from the costs of the track over 
which they move. The costs of carrying, as 
distinct from the costs of track, can be more 
readily identified and assessed; they are much 
more a “specific” cost, validly imputable to 
a particular service or group of services, and the 
work of carrying is done by many individuals, 
public or private, whereas the provision of track 
is a natural monopoly of the State (or its agents). 
Over wide areas, track is inevitably an “ over- 
head *’ or community cost; arterial roads, feeders, 
terminal facilities and urban planning—all these 
will often require to be linked together before 
any valid computation can be arrived at. Again, 
carrying cost is mainly a current cost, arising 
chiefly in terms of manpower, whereas the cost 
of providing the existing track lies mainly in 
the past. In one sense it is no longer a cost at 
all, and represents a fixed investment which 
has little alternative use, the only current cost 
being maintenance. If a track is used to capacity 
it will normally be fairly cheap in relation to 
carrying cost, but if society “ wastes” some of 
this capacity it can be very expensive per unit 
of ** throughput.” 

COST OF CARRYING CAPACITY 

Dealing first with carrying cost, by far the 
most important item in the social bill is Man- 
power, which overshadows Fuel and the Pro- 
vision of Rolling Stock. British Railways 
employ men who build rolling stock, maintain 
the track, and signal the traffic through, apart 
from police and other internal services, while 
the road carrier does none of these things for 
himself, being wise (or fortunate) in his own 
generation. We must isolate and compare the 
“carrying manpower” required (as distinct 
from the rest) for each main type of service— 
and indeed no omnibus comparisons mean very 
much anyway, given the differences in speed, 
distance, frequency, comfort, safety, “* avail- 
ability *’ and other such factors. 

In passenger working, where a service is fast, 
intensive and highly mechanised, like the electric 
multiple-unit trains in the London area, the 
impressive figure of 10,000,000 seat-miles per 
annum per man of train-crew is reached. Halving 
this figure to allow for men engaged behind the 
scenes on marshalling and terminal work, the 
performance is still far above what can be 
achieved by a bus, which in practice is little 
more than 1,500,000 seat-miles per man-year. 
On the other hand, the range of bus performance 








Transport Commission 


is fairly narrow, and the range of railway per- 
formance—at present—s very wide, and it would 
not be difficult to find cases where a performance 
of one million (not ten) might be nearer the mark. 
So long as a passenger train uses one locomotive 
—and a steamer at that—to haul only two or 
three coaches, or when it functions in other 
circumstances which are at odds with its real 
economy (i.e., to act as a reasonably large 
“collective * unit over appropriate distances at 
a fair speed) its manpower costs are no better, 
and can be worse, than the manpower cost of 
the big bus. Developments now in progress will 
remedy this position, but it will always be some 
thing of an art to ascertain where the dividing 
line falls in marginal cases, and generalisations 
tend to be misleading. As to the private car 
with an owner-driver, it is either an exceedingly 
heavy consumer of valuable manpower per 
seat-mile, or uses none at all, according to the 
view taken; the first view is useful to support the 
argument that great savings of social cost will 
result from faster roads, and the second to argue 
that possession of a private car is a comparatively 
economic proposition. Many of us, of course, 
achieve the feat of using both arguments as the 
occasion demands! 

The fuel consumptions per seat-mile, and the 
first cost and maintenance costs of the vehicles 
and motive power can also be compared in real 
terms. For like tasks, and apart from special 
cases, the differences between train and bus are 
not large enough to have much effect on the 
manpower differences. Fuel typically varies 
between 400 and 600 seat-miles per gallon, and 
first cost varies from £4 a seat-year of life for 
an electric ten-car train to £16 for the express 
bus. Figures for the private car depend, of 
course, on the kind of car, but are beyond these 
ranges. 

In freight working the picture is of the same 
kind. That is, a train crew intensively employed 
can show 12,000,000 capacity ton-miles per 
man-year, and if this is cut in four to allow for 
shunting and other such requirements, the 
performance is still beyond the reach of a road 
haulage vehicle, for which a good figure would 
be 750,000. On the other hand, the railway 
average is at present only some 1,200,000 capacity 
ton-miles per man-year, and if this is cut in four 
it is well within the competitive reach of the big 


road vehicle, and the road vehicle has the 
essential advantage, in operating, of great 
flexibility. The all-important “ scheduling” of 


men can be done on a much more selective basis. 
A run of 100 miles out and home will utilise the 
man’s day very efficiently. There is less difficulty 
with loading-gauges, and so forth. Once again 
it is dangerous to generalise except perhaps to 
say that our railways can, and should, improve 
their carrying-manpower ratio a great deal when 
freight trains are at last fully braked, of higher 
capacity, and hauled by diesel or electric loco- 
motives. 

But there is one important factor not yet 
mentioned. Passengers will transfer themselves 
to and from the train, and parcels have to be 
sorted at terminals in any case, but there is a 
great deal of freight in-big consignments of 
general merchandise which can go direct from 
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door to door by road, whereas by rail an inter- 
mediate transfer at one or both ends is necessary. 
Until we develop techniques of reducing road/rail 
transfer costs—by using the container, the so- 
called piggy-back, and even the interchangeable 
road-rail vehicle—much of the economy of the 
freight train (or all of it) can be lost in the effort 
of transfer. The necessary developments are 
now under way, but for too long we have been 
organised into separate camps, concentrating 
our attention on road techniques and rail 
techniques in competition, instead of on methods 
to work the two in conjunction, thereby saving 
a social cost equivalent to the millions of road 
vehicle miles which are run on arterial stretches 
when the vehicles (or their containers) could be 
“‘ entrained ’’ for this purpose, plus a big reduc- 
tion of congestion on the roads and a profitable 
employment of the rail track. 

To summarise on carrying cost: 

(a) any exclusive claim by any one carrier to 
an innate superiority for all purposes in all 
places is nonsense; it all depends on the circum- 
stances of employment; even the private car can 
prove socially economic in suitable cases; 

(b) the social cost of providing carrying 
capacity will reflect for each service a complicated 
interplay between many factors, even before the 
differing degrees of “ utilisation ’’ by the public 
are brought into account; these differing utilisa- 
tions are partly due to the differing sizes and 
flexibilities of the different carrying animals, but 
are also due in no small measure to public 
regulations and obligation, case by case, i.e., the 
utilisations are often, in the main, the product 
of local or national policy, and in this sense are 
** artificial ”’; 

(c) though their carrying abilities overlap in 
practice, the “ natural” characteristics of the 
different animals are clearly distinguishable. 
Social cost is lowest when they can be employed 
in combination, each concentrating on that 
portion of the common task for which it is most 
suitable. 

This combination or co-ordination is not, as 
a rule, attractive to the animals individually. 
Both cost and irritation, not always slight, and 
some diminution of empire, are involved to the 
animals (assuming them to be separate) however 
great the savings and benefits to society. One 
would nevertheless expect society to insist on 
a reasonable amount of combined working; to 
insist on a proper encouragement of those public 
services (both road and rail) which are econom- 
ical carriers and, in addition, economical users 
of track, as we shall see; and to insist on the 
balanced employment of that animal which can 
be, in its proper place, the strongest, fastest, 
cheapest and most disciplined—the highly 
“‘ collective ’’ if sometimes inconvenient train! 


SOCIAL COST AND SOCIAL CHOICE 


But society is not so insisting. We cling to the 
old idea, many of us, that the said public services, 
road and rail, must work against each other at 
all points. Or where track is concerned, we 
accept the present artificialities of the ‘‘ tolls” 
paid to society by the respective carriers as 
though some natural and immutable law were at 
stake. And as individuals we tend to favour 
private transport, and particularly the private 
car, even where it costs more, though of course 
we also demand low-cost systems of public 
transport kept “‘ on tap ” in case of need. 

Why do we act thus? Perhaps because, as 
private individuals we are not completely rational 
or ‘‘ economic ’’ men—and I would not have it 
otherwise. In business affairs we may find 
““C” Licence operation a good bet because the 
**do it yourself”? principle can benefit a par- 
ticular undertaking without being socially 
economic; as already mentioned, the national 
book-keeping distorts the incidence of cost, or 
the charging procedures and tariffs of large-scale 
and orderly public services may find it difficult 
to be flexible enough in practice, however free 
in theory, to beat at his own game the customer 
who constantly “* selects ’’ the best traffics for his 
own vehicles, throwing the irregular or un- 





attractive balance on to the public system, where 
the costs rise accordingly. But “*C” Licence 
operation can also be cheaper even from society’s 
viewpoint—exact suitability for the job, more 
efficient contact with consignees, genuine pub- 
licity value, integration with production pro- 
cesses, and other such factors must all be 
reckoned in. Likewise the irregular or ‘* tramp ”’ 
carrier has its social value so long as it does not 
undermine the essential regular services. 


TRACK COST 


This is a subject bedevilled by three major 
misconceptions: 

(a) it is not true that rail carriers are favourably 
treated in that they pay no fuel duty; they pay 
instead the actual upkeep and a heavy charge 
for interest on the track (totalling about £120 
million a year); what the chief carriers actually 
pay for track—rail, bus and heavy lorry—is 
illustrated by the following table: 





Road | Rail 





Miles of route .. 

Paid per route mile 
Paid per passenger mile 
Paid per ton-mile 


190,000 19,000 
£2,000 (tax) £6,000 (cost) 
0-2d* 0-7d 
0-3d* 0-Sd 


Paid per unit of fuel consumed 2s 6d* 6s 6d 
Proportion of track cost to 
total cost an One seventh One fourth 
or tenth or fifth 





* Plus a small element for vehicle duty. 


Doubtless the tracks are often different in their 
quality and in their potential for disciplined 
throughput, but on this showing the rail carriers 
would be some £70 million a year better off if, 
like the road carrier, their track were paid for 
by the community in return for a tax on power 
at half-a-crown a gallon on diesel oil (and the 
equivalent rate on coal or electricity); 

(b) it is not true, or certainly not provable, 
that the country makes a “ profit’ out of the 
fuel tax and vehicle duty; these amount to 
£400 million a year, and calculations can be 
produced to show that the true cost to society 
of providing these rights-of-way might well be 
much greater; 

(c) however, it is not possible to arrive at any 
secure or satisfactory measurement of the cost 
to society (or of the different values to the 
different carriers) of the existing networks, road 
or rail, either in total or in detail sector by sector 
of main route, feeder and terminal facility. 

It follows from this, but also from the sheer 
impossibility of ascribing an appropriate part 
of track cost to thousands of different operators 
in a myriad different circumstances of transit, 
that the amounts to be paid to society for the 
use of track—better called right-of-way, perhaps 
—are not something which can be left for 
determination to the ordinary economic forces 
of cost or market price. Apart from a few 
special cases like tunnels, bridges, etc., we must 
content ourselves with the inevitable, namely, 
that any charges or “tolls ” levied by the com- 
munity must be akin to essays in taxation. And 
like taxation, any scheme of tolls in force will 
sensibly reflect, inter alia, considerations of wider 
social policy. 

This doesn’t mean that the economics do not 
matter. They matter a great deal. Space for 
track is in short supply at the critical points; 
nor is the public purse without a bottom. The 
great drawback of the ‘‘ community” nature 
of track cost is, of course, that the standard test 
of any new facility—i.e. will it pay?—is not 
available. How do we resist the great pressures 
of “‘ uneconomic’ demands when they cost the 
demander nothing, at any rate directly and 
pro rata? Or how do we settle our priorities 
among the works proposed? For these reasons, 
no doubt, it is often suggested that ‘‘ rate-of- 
return ”’ tests should be instituted to fill the void. 
Let us calculate the benefit to society from a 
given work in relation to its cost, and assign it 
priority according to the rate shown! But there 
are real dangers in this all-too-simple idea. It 
invests the figuring with a precision and decisive- 
ness which it cannot possess in this kind of 
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“calculation.”” The benefits, if no Notional 
and subjective, are imponderable. “ither the 
result will be wishful figuring, which is the Teverse 
of being scientific, and the calculations cannot 
be checked back in real life (i.e. the essential 
accountability is missing); or if the ‘iguring js 
painstakingly honest and ignores ever thing but 
“likely and measurable fact,” many a first-class 
scheme will be killed. Of this latter proces 
there are plenty of examples in railway history 
since 1921. In other words, if the figuring jg 
visionary it is not the precise test we seek; jf jt 
is “ proper ’’ figuring it excludes the all-essentiaj 
vision—a property not yet subject to scientific 
determination! Nevertheless such figuring as 
is possible should be attempted, however flimsy 
and speculative, and will be helpful, always 
provided that it is not allowed to acquire the 
status of public fact. 


THE LONG VIEW 


To put things more positively, the planning 
of the nation’s system of circulation, its veins 
and arteries, must be based on an approach as 
wide as possible, and on a view as long as possible, 
An illustration of the extreme width of approach 
which might validly be considered is to be found 
in the recent suggestion of an American transport 
economist that some of the really large and 
closely-built centres of great cities would find it 
cheaper to offer free public transport in the said 
centres, rather than undertake the enormous 
costs involved in trying to accommodate private 
transport! However that may be, the urban 
problems of transport are often bound up with 
the problems outside, not only of local “‘ com- 
muting’ but also of inter-urban connections, 
It is no use travelling if you cannot arrive. And 
within the great centres it is a case of “ all hands 
to the pump.” As long ago as 1911 it was 
necessary to make arrangements in London 
whereby the buses helped with the track costs 
of the Underground, and in due course the 
suburban main lines entered the pool. In this 
connection it is interesting that another American 
observer has likened things in this country to 
“one vast commuter land,’ owing to the wide 
spread and continuity of our great conurbations. 

Perhaps it is not difficult to perceive that the 
high cost of a new railway underground in 
London ought to receive a credit, in any social 
accounting, for the relief it brings to road 
transport on the surface. But the mutual effects 
of road and rail upon each other might well 
enter into our calculations on a rather more 
general scale. Both physically and financially 
the two forms of “‘ right-of-way ”’ are often an 
indivisible problem. The closing or opening of 
one can make an immediate difference to the 
other. If we are engaged on a study of overall 
social welfare, any attempt to base assessments 
unilaterally on the “* road” point of view alone, 
or on the “ rail,’ is bound to make nonsense of 
any claim to objective appraisal. This is not to 
argue that a road, or in particular a railway, 
ought to be automatically protected against a 
lusty newcomer, or that unused or abandoned 
transport facilities are necessarily a sign of 
waste. 

What will the future bring? The continuing 
rise in the urge for movement, and for faster 
movement, will rightly result in greater road 
facilities being provided—economic or other- 
wise—but will also reinforce the trend towards 
greater discipline, of which parking meters, 
** clearways,” etc., are the first signs. Meantime 
it may be doubted whether, pound for pound 
of expenditure, the free and general-purpose road 
has the same potential throughput as a railway 
—unless of course it becomes itself a specialised 
right-of-way. Curiously enough, a double track 
railway (excluding signalling) probably costs no 
more than a trunk road at a quarter of a million 
pounds a mile, over relatively easy terrain. At 
the other extremes one hears of ten million 
pounds a mile for new roads within great cities, 
of four million pounds a mile for new tubes, 
and so forth. The capacity for throughput also 
varies, of course. In passenger traffic it is the 
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« egllective *° methods which, though they may 
not appea!, will get the traffic through effectively, 
at rates as high as 40,000 persons per lane per 
hour and many thousands per man of crew— 
and no subsequent parking problems either! 
Presumably if operation ever became completely 
gutomatic, the throughput per man of crew 
employed would be infinite; the possibilities 
are certainly there. Even today we have, in 
addition to the “collective *’ methods on the 
roads (ic. the ever-bigger bus, etc.) and the 
collective plus track-discipline methods of the 
ordinary railroad, the emergence of mono-rails, 
overhead systems, travolators and other forms 
of specialisation. And they can employ con- 
crete and rubber as well as the classic stee!-on- 
steel. 

These are matters for the engineers to think 
about. What all the alternatives have in com- 
mon, including the ordinary road, is that to 
bring about the lowest social cost they usually 
need to “ feed’ to each other, and must be 
planned in co-ordination. Which to employ 
where, and in what form of combination, is a 
matter of study in each case. 


PRIORITIES 


The essentials of any network of communica- 
tions must be Balance and Completeness. The 
strands of the network must indeed communicate 
with each other. Particular strands may have 
to be dealt with, or some particular facilities 
provided, whether or not they “pay” on a 
narrow approach. In addition there are still 
the imponderables to take into account. Safety, 
amenities, distribution of industry and popula- 
tion, availability of social resources (not to 
mention cash), strategic requirements, housing 
and so forth. They all add up to something 
quite significant, though difficult to assess. So 
it is not surprising, all in all, that priorities in 
track provision can hardly be left to “ rate-of- 
return’ calculations. Such back-of-the-envelope 
speculations can help to focus the thinking of 
those concerned, but in the end the decision is 
going to rest on the judgment, and even the faith, 
of well-informed and impartial persons who will 
consider the necessary planning in terms of 
public expediency, practicability and broad social 
policy—using these words in their best sense. 

But will the public be content to accept guid- 
ance and planning in this way? Will the public 
realise, basically, that whereas there need be no 
great disciplining of transport if unlimited cash 
and space are available, if either space or cash 
is short, discipline is unavoidable? We have 
accepted parking meters, but with bad grace, 
and the cynics allege firmly that the public will 
learn only the hard way, i.e., by bitter experience, 
when things become almost impossible. This 
would be a pity and would also be too late. 
Scores of millions of pounds per annum are at 
stake, if not more, and an infinity of frustration. 
There are, however, two important ways in 
which our attitude to these matters can be 
influenced: (a) by the scheme of tolls or taxes 
which are paid for “track,” and (b) by the 
further approach which is made to the study and 
evaluation of the road-rail question. 


‘TOLLS ” FOR TRACK 


There is no dearth of theories, conflicting in 
the main, about how Track Cost should be 
recouped from the various carriers. But as 


already remarked, it is not a question of 
“recoupment.” The social cost is either un- 
known, or artificial. A suggestion which is 


nearer the nature of the problem is that tolls or 
taxes for right-of-way ought to rest on bases 
which will procure the most discriminating use 
of road and rail, according to the varying situa- 
tions in time and place. After all, both Con- 
gestions and Peaks are phenomena which are, 
normally, quite brief in time and local in place. 
Special licences for city centres? Costly carnets 
for particular hours or days or routes? Should 
the slow vehicle pay more than the fast— 
Or vice versa? Who gets in whose way? Obvi- 
ously the detailed application would bristle with 
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difficulties and I doubt whether one would get 
far with these notions in practice, though they 
could be helpful in discouraging the most 
extreme obstructions to the smooth flow of 
traffic at equal speed. 

Certainly it would be sensible if any scheme of 
tolls could take account of the need to encourage 
—or at least not to discourage—the “* collective ” 
carriers by road and rail which are the really 
efficient through-putters of traffic, and often 
socially essential (cf. the recent concessions on 
account of the “ Country Bus”). A connected 
question, not often raised, but likely to come to 
the fore, is why we tend to think of a Road 
community and a Rail community as separate 
from each other. Separate suppliers, no doubt, 
separate financial interests, separate engineers 
and even separate economists (I sometimes 
think) but not really separate parts of the com- 
munity. If we must sectionalise, it is not more 
appropriate, if less obvious, to distinguish 
between public services and private services? 
Or even between Passenger and Freight—in 
which case all freight, rail as well as road, ought 
to share in the financial and other benefits accru- 
ing from the emergence of that new and extra- 
ordinary sign of our age, the insatiable demand 
for personal movement (i.e. the private car) 
and the capacity to pay for it. 


PARTNERS 


But if we refuse to recognise the two rights-of- 
way, road and rail, as natural enemies of each 
other, should we go further and admit a certain 
community of interest between them? It can 
properly be argued that they serve the same 
common end, and that taking the country as a 
whole, neither could exist separately. When the 
interchangeable road-rail vehicle comes, what 
then? Also, we are told to expect that road 
tracks will often be built over rail tracks in 
future. They will both live in the same “ house ” 
as it were, and on what principle shall we com- 
pute the scores of millions to be paid by the upper 
storey tenant to the owner of the ground floor? 
Obviously the two will have to be regarded as 
partners in one and the same business. 

Meantime, when testing the economics of 
capital expenditure, we apply one set of criteria 
to road projects and another to the railways, 
simply because the latter are statutorily bound to 
a commercial measurement of profit and loss, 
and because the normal play of “ financial ” 
forces cannot, in the nature of things, be the 
guiding principle for investment in roads. Mean- 
time, also, road and rail still have their differing 
bases and structure of track cost, with conse- 
quent differences of significance in the track 
burdens of public road carriers and rail carriers, 
passenger and freight. We find ourselves back 
once more to the old suggestion that the track 
cost of railways ought to be treated more like 
the track cost of roads. In other words, the 
railways would pay a toll, and provision of the 
track would be defrayed out of public expendi- 
ture. 

There are difficulties. Railway track and rail- 
way operating are much more closely meshed in 
together than roads and road operating, and 
railway operators must control their own track. 
And could we leave the railways with some part 
of their track cost, rather like County Councils, 
as a brake on extravagant demands? But the 
chief difficulty, I think, would be to decide the 
relativity of the “tolls” to be paid by railways 
and roads. The railway track is in some ways 
a superior instrument, especially in its guiding 
rail and its signalling; and also, the railways 
have the exclusive use of their track, a circum- 
stance conducive to cheaper operating. Against 
this, the track is highly specialised, a fact which 
can involve serious drawbacks, such as the need 
to “‘ transfer” to road for much of the door-to- 
door freight. Further, the nature of the track 
makes for inflexible operating conditions which 
are very troublesome and costly in times of 
emergency, obstruction or quick changes of 
circumstance. Finally, the specialised and highly 
organised track and signalling makes it possible 
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to move by railway the vast peaks of traffic 
(e.g. suburban passengers or seasonal heavy 
freights) which could hardly go by the non- 
specialised road, and this very fact means that 
railways must accept the obligation to undertake 
these socially important but unremunerative jobs. 

How much should Cinderella pay for her 
broom? This becomes a matter of social policy. 
But so are a great many other things in the world 
of transport track, and indeed in transport 
generally. 


FRESH THINKING 


There are two main heads for further study: 

(a) how to preserve a due measure of essential 
public transport, including compensation for 
** stand-by ”’ costs; 

(b) how to deal with problems of track, 
right-or-way, throughput, logistics—call it what 
you will. 

The first is complicated enough, but has been 
studied longer than the second. The dire 
shortage of track is a relatively new condition, 
and though one of the major techniques of the 
railway operator has always been the organ- 
isation of his traffic flows, there are no “ oper- 
ators’ of the roads in this sense. In addition 
to what might almost be called operational 
research, there are the other subjects such as 
construction and maintenance costs which need 
study on a comparative basis, road and rail. 

There are suggestions that the planning and 
financial responsibilities for road track should 
be transferred to an autonomous Road Board. 
To this there are two fundamental objections. 
It would be a retrograde step to plan roads in 
isolation from rail. And the Minister of Trans- 
port already provides an ultimate focus of 
authority. How could any government hand 
over the planning and financing of the country’s 
main arteries to an independent body? But if 
this body were advisory, and would also exercise 
general direction over the comparative and 
impartial studies and research which are required, 
if only because of the mass of conflicting propa- 
ganda, this might conceivably be of real value. 
We certainly need some more scientific ways of 
arguing things out. 


ENGINEERS AND ECONOMISTS 


However that may be, I would like to close by 
saying a word about the place of engineers and 
economists in all this. I think that with advan- 
tage it might be greater than it is. 

When railways began, the great men of that 
time were engineers who also took responsibility 
for the financial effects of what they were 
proposing. With the coming of large-scale 
organisation the engineer tended to concentrate 
on the technical aspects and leave the financial 
or economic aspects to somebody else. And on 
the roads, the engineer producing new motorcars 
is not greatly concerned with the economics of 
road track. 

Perhaps these functions will be taken on by 
the so-called traffic engineer now emerging in 
various countries. Or is he going to concern 
himself only with a physical easing of traffic 
flows on the roads? If so this would be a pity. 
I feel that any man calling himself a traffic 
engineer ought to be interested in the logistics 
of transport, as it were, and in all means of 
getting the traffic through. He should be able 
to give impartial advice on what particular form 
of track to employ, and where and when, and 
in what combination. He would also, I hope, 
be well versed in the economic effects of his 
proposals—and this should apply rather more 
than it does to the work of most of our engineers. 

It is not simply that the consequent discipline 
is good for the engineer, but rather that he can— 
and ought—to make a profound contribution to 
any study of the social economics of transport. 
His intellectual training fits him admirably to 
employ the techniques of economic analysis, 
and the transport engineer should, as far as 
transport is concerned, be something of an 
economist. 


Concluded at foot of page 226 
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Road/rail transfer is the nub of inland freight 
transport and the key to the railway’s con- 
tinued existence. Better marshalling yards 
—and less of them—will speed the movement 
of traffic. There should be fewer main lines 
and it is economic nonsense to modernise 
branch lines that require only a small trans- 
port capacity. The technical advances on 
the railways over the next 15 years will be 
far greater than other forms of transport. 
The railways can offer most if used to near 
capacity for the main streams of medium 
and long-distance traffic. 


7 future of inland transport depends partly 

on techniques, partly on economics, and 
on politics a great deal. That this last should be 
so is a drawback but the future of transport must 
be governed. The past has been governed. 
Transport has been in politics ever since there 
has been transport worth the name. It is no 
use wishing the contrary. Whatever the tempta- 
tions, however, neither politics nor general 
economics are part of my task. 

There remains the technical study. First, the 
demand for transport: quantity and direction. 
Second, the choice of transport: rail, road, air, 
waterway, pipeline, or transmission line. Third, 
the present technical advantages and dis- 
advantages of each form. Fourth, the technical 
advances in prospect for each and in particular 
for railways. Lastly, the upshot. 


DEMAND FOR TRANSPORT 


The demand for freight transport, like the 
habit of travel, is growing. Responsible esti- 
mates of the rate of growth are not very precise 
but they agree fairly closely. The average 
expectaticn is that national production will 
increase by about 60 per cent in the next 10 or 
15 years. Of that increase over one-half will be 
translated into a demand for transport. 

Within that national average the demands of 
each industry vary widely. Coal for instance— 
crystal gazing here—will rise slightly with the 
expanding electrical industry, nuclear power and 
oil-firing notwithstanding. Oil will go up by 
over 80 per cent, steel by 60. Agriculture will 
remain much as it is. 

The geographical demand for transport is 
unlikely to alter much. There are powerful 
opposing forces in a state of approximate balance. 
The social interest requires work to be brought 
to people rather than people to their work. 
When a basic industry in any area declines, the 
Government encourage other industries to move 
in. The object is a natural one, to diversify the 
work in each area and to spread the social risk. 

Paper entitled ‘“‘The Future of Inland Freight Transport” 


presented to the Engineering Section of the British Association at 
York, September, 1959. 
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The reverse, I think, is also true. Any 
economist who wishes to make a sound and 
practical contribution in the world of transport— 
which is a very special world of its own—should 
see to it that he has a close and if possible non- 
academic experience of the day-to-day workings 
of transport—including the workings of the 
engineer's mind! In the USA the transport 
economist will often engage himself for longish 
“assignments ”’ with individual undertakings. 

Nevertheless, the engineers and economists 
are complementary. Whereas the engineer tends 
to think along “heroic” lines, and is a bit 
of a dictator to boot—being certainly against 
the random flow—the economist is more 
“ prudently” inclined. In the joint approach 


of the two will be the right balance, and the 
salvation of the Exchequer also! 


FUTURE OF FREIGHT BY RAIL 


By G. F. FIENNES 
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Tyneside, Lancashire and South Wales are cases 
in point. 

On the other hand the growth of the industries 
depending on import in bulk, the growth of the 
size of the unit in manufacture has stimulated 
development of the sea-board. The Tees, 
Thames, Humber, Southampton Water, and 
Milford Haven have within the last generation 
attracted the great oil companies, Fisons, Fords, 
ICI and many more. On the whole this force 
has been contained. It has not and will not 
often—the words are carefully chosen—demand 
a radical alteration in the direction of transport 
or in its form. The few exceptions will appear 
in due course. 


CHOICE OF TRANSPORT 


Next, of what sort shall transport be? TI ere 
is a distinction here between the national interest 
and the demand of the user. The national 
interest demands that transport shall be efficient 
in the service of the nation: streamlined, taut, 
spare, always down to its fighting weight; fight- 
ing for the best transits and lowest costs for our 
exports and our consumption at home. The 
broad principles are convenience, reliability, 
speed, safety and economy. 

The demand of the user is for something else 
as well. A leading industrial expert in transport, 
a member of one of the great firms in this 
country, has written recently: ‘“‘each form of 
transport should be so developed and exploited 
that the sum total of the activities of all forms 
constitutes an efficient transport system produced 
at the lowest possible cost to the community. 
Coordination or integration is justified only if 
it results in greater efficiency and/or reduced 
overall costs than would otherwise be the case. 
It could not, in any case, be justified if there were 
no provision for a fair measure of competition.” 
The italics are mine. 

Here is the nub. The national interest is for 
transport broadly equated to the national need. 
The individual interest is for plenty of com- 
petition, which by its nature requires a surplus 
which cannot be stored. There is no frozen 
ton-mile. Transport by its own nature is the 
most perishable of things. True, the lorry, the 
wagon, or the craft like the tree goes on until 
replaced. Like the fruit the service must be 
used as it is ready for use or it perishes. ‘* No- 
one is so careless of cost—other people’s cost— 
as the user of transport.” 

Having then transport on tap the user may 
choose his form. He may also choose, within 
limits, whether he will operate that transport 
himself or employ privately owned or nationally 
owned concerns. His choice depends to a great 
extent on the relative emphasis which he attaches 
to convenience, reliability, speed, safety and 
economy. 

In this matter the order of importance varies 
enormously. Many industries are already geared 
to supply at a few hours notice: fruit, flowers, 
vegetables, fish, meat, newspapers, naturally 
come from the source of supply through, maybe, 
both wholesaler and retailer to consumer in that 
time. More and more industries producing 
and distributing consumer goods have come to 
recognise that by gearing themselves in the same 
way they reduce the stocks which they hold at 
their premises and in the pipeline between the 
producers and themselves. One very large 
concern released last year in this way £21 million 
for other capital use. To these industries the 
emphasis is on reliability and speed. 

At the other extreme are the basic industries 
of coal, oil, iron and steel, and agriculture other 
than market gardening. One of their principal 
interests is that their processes shall not be held 
up by a hiatus in the arrival of their raw materials 





or by congestion in the despatch of their finisheg 
products. They demand reliability but it means 
something very different from reliability in, say 
the fish trade. Speed is less important; 
steady flow more. Economy, since transport 
is a larger component of the final cost of the 
product, is vital. Between these extremes jg 
an infinite range of shades of demand. 


RELATIVE TECHNICAL ADVANTAGES 


The next step is to examine the relative 
advantages of the forms of transport in common 
use—at present road, rail, water. 

The Association will forgive, I trust, a cavalier 
treatment of water. The subject is inland 
transport and can be held to exclude coastwise 
shipping and, indeed, the estuarial lighterage 
services which are in effect a projection of deep 
sea shipping. 

There remain inland rivers and canals. They 
have advantages in convenience and economy 
especially for the industries with long traditions 
which began their development at the waterside, 
For them discharge of coal or oil or goods in 
bulk from barge employs existing capital. The 
lighter, like the railway wagon, but unlike the 
powered barge or the lorry, awaits discharge 
without complaint and with little capital standing 
idle. Given a convenient terminal at each end 
and the preference for cheap warehousing in the 
unit of transport over speed, industry preferred 
inland water transport in 1957 to the extent of 
rather less than | per cent of the carryings by 
rail. 

The advantages of road transport are massive. 
The convenience it offers the user is a flexible 
small unit, available like the railway train at 
all hours of the day or night, seven days in the 
week, but ready to move at any moment unham- 
pered, as the train is hampered, by the organisa- 
tion required to match the wagons with an engine, 
a crew, a brake van, and a path over the line. 

The unit is small, more closely matched to the 
unit of the country’s trade than is the train of 
500 tons. Lorry does not wait for lorry as wagon 
must wait for wagon. There are opportunities 
for individual service in the time of loading and 
unloading which the railway, running its trains 
to a time-table, does not offer. 

In regularity the advantage of the smaller unit 
direct from door-to-door under the personal 
control of its own driver, predominates over the 
railway’s practice of transhipment from road 
to rail at the outward rail terminal, of combina- 
tion with other wagons to form a train, once, 
twice, or three times on the journey and of 
transhipment from rail to road at the inward 
rail terminal—on rail all this controlled by remote 
control of a series of individuals, none of whom 
has a direct interest in the journey as a whole. 

In speed an average of 20 m.p.h. allows overnight 
transits up to, say, 250 miles. There are few 
large centres of production or consumption in the 
country which are farther than that distance 
apart. The speed of the lorry, which by no 
means matches that of the railway train, 1s 
firstly good enough and secondly is a true overall 
door-to-door speed, whereas the speed of the 
train is often of no account by reason of the 
delays inherent in the road/rail transfer and in 
marshalling yards. 

In safety the personal supervision of the 
driver also gives road an advantage. The door- 
to-door service with no transhipment to cause 
damage or loss, or shunting to cause damage. 
On the other side of the account is, first the 
road accidents costing £175 million a year, and 
second, the roughness of travel by road com- 
pared with rail. Some work on this subject 
done in Germany appeared in Neue Verpackung 
for June 1958. It showed that the stresses of 
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gcceleration and deceleration on a road journey 
are as high as 6-Og transversely, 0-6g longi- 
tudinally and 3-Og vertically, compared with 
0:2, 0 and 0:2g¢ on rail. Even in shunting on 
rail, accelerations above 1-5g were most excep- 
tional. These results are probably valid for 
this country except for the stresses in shunting. 
in Britain it is common ground that road 
journeys cause less damage than rail and that 
such stresses are not significant. The relevance 
of the work is to show that rail journeys can be 
made less arduous than road. 

On comparative economics this paper must do 
no more than to say that it is a most involved 
affair, that over a large range—the larger range— 
of commodities and transits, road costs (not 
road charges) are higher than rail, and that rail 
costs are influenced more than road by the 
degree of utilisation, not only of vehicles and 
crews but especially of the track. 

This brings us to the advantage of rail. In 
convenience the service, nationwide, ranks high. 
Next, the railway wagon will stand silently and 
comparatively cheaply awaiting the senders’ or 
consignees’ pleasure. The length of the queue 
matters less on rail than on road whether viewed 
nationally or individually. Third, most of the 
important industries are expensively geared to 
rail for inward and outward traffic with private 
sidings, mechanical loading and _ unloading. 
Some 95 per cent of railway tonnage is loaded 
and 74 per cent unloaded in private sidings. 
Much of the rest—domestic coal, for instance— 
is unloaded in railway yards where the merchants 
have space for storage. 

In regularity the only point to be made for 
rail at the moment is that express freight trains 
on the move run reasonably punctually. It 
may be news that there is a timetable which 
demands precision. In winter about 60 per cent 
are within 30 minutes of time; in summer some 
80 per cent. The proportion of express freight 
to the whole is rather more than a third. Traffic 
which travels on express trains and neither needs 
to transfer from road to rail, or is especially 
treated as it does so, and does not pass through 
marshalling yards, has a reliable transit on rail. 

For the speed of movement, rail is far superior. 
The fish and meat trains at average speeds of 
over 45 m.p.h.; the-express freights at 35 m.p.h. 
and upwards have no parallel on road. Once 
again the principal advantage is for traffic which 
has an easy transfer between road and rail and 
passes through no marshalling yard. 

Safety and economy have already been treated 
comparatively, so the comparison of road and 
rail as at present is nearly concluded. It has 
been necessarily brief because it forms the back- 
ground only to the main subject, which is the 
future. It remains to re-emphasise the various 
demands of the customer. The advantages of 
one form of transport over the other are not the 
same for everyone. 


ADVANCES IN PROSPECT 


The survey of the present has included little 
about transport by water and nothing about air, 
pipelines, and transmission lines which at 
present make no significant contribution. We 
come now to technical advances in each form— 
and a disclaimer is due. The author has talked 
with a large number of people in science, industry, 
transport, journalism and other walks of life. 
The paragraphs which follow are the result of 
those talks. He makes no claim to be among 
the prophets. 

For water there appears to be little in prospect. 
There will be an improvement in the condition 
and capacity of the principal routes and small 
advances in the design of craft, but nothing that 
will enable our inland waterways to play a 
significantly greater part. 

The design of aircraft is going ahead by leaps 
and bounds. For inland transport the develop- 
ment of supersonic or subsonic jets is unlikely 
to have any relevance. The distances are too 
short to permit economic operation. Conven- 
tional types such as the Vanguard continue to 
have the disadvantage common with rail of 
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transhipment at the terminal. They will, no 
doubt, cream some traffic, both in public service 
and in private. As with the C Licence road 
vehicle, the advantage of their own transport on 
tap will prevail on some firms to use their own 
aircraft. Development is, however, likely to be 
along lines which will avoid the delays and 
dangers of transhipment at airports. This 
development can take the form either of the use 
of helicopters or other vertical take-off aircraft 
which will use the sender’s and consignee’s 
premises, or alternatively of conventional aircraft 
capable of absorbing vehicles or containers in 
its belly. 

Transport by air in these forms will have 
much the same convenience, reliability and 
safety as the road unit. In speed it will be 
superior, but this is not of great significance, 
since except over the longer distances road can, 
and rail will, do everything which is necessary 
over-night. In cost it will be high. It will be 
used in two ways: the first to cream some highly 
profitable traffics largely from road, traffics 
where the cost of transport is not a significant 
part of the selling price of the article; second, 
and more sensibly, to carry over long distances 
traffics which are highly perishable. Fish, meat, 
flowers, newspapers, come to mind. 


TRANSMISSION LINES 


Apart from road, rail and air, there are 
specialised forms of transport for certain pro- 
ducts. Transmission lines for electricity; pipe- 
lines for gas and oil. Each of these forms has its 
special attractions. To transport electricity by 
transmission line over long distances enables 
coalfired power stations to be located in the coal- 
fields, oilfired near refineries or ports, nuclear on 
remote wastes. The losses of energy in trans- 
mission, however, are severe. Transmission lines 
are, on the whole, blots on the landscape. And 
the economics are not so heavily on the side of 
this development that it has gone very far. 
Nor is there any reason to expect technical 
advances in transmission which will stimulate 
further change. In the very long run, of course, 
the tendency to nuclear power stations will 
increase the length of transmission, but not in the 
period under study. 

On the other hand, pipelines are already con- 
tributing and will develop for the carriage of gas 
and oil in bulk. For gas the abolition of small 
and inefficient gas works and the supply of gas 
from neighbouring large towns worthy of large 
and efficient plants is already commonplace. 
For crude oil they are, of course, the normal 
form of transport in the principal oil-producing 
countries. They exist in England as a relic of 
the war; Pluto under the Channel and the 
internal network of lines for the RAF. The 
applications were different; mainly crude oil 
abroad, mainly petrol here. Technically both 
are possible. The only form of oil which pre- 
sents great difficulty owing to viscosity is fuel oil. 

Development of pipelines here for refined oil 
is unlikely to go very far. In a country so 
densely populated and so trigger happy at the 
approach of the invader of private right the time 
and energy needed to secure wayleaves will daunt 
the hardiest oil company. To lay lines above 
ground along railways or roadways, raises 
obvious risks of fracture and fire in the course 
of a rail or road accident. To bury the lines 
increases the cost and problems of installation, 
but some development is in prospect and British 
Petroleum have already begun the construction 
of a small, though multiple-purpose line, in the 
Manchester area. 

On the other hand there is a powerful force 
working in favour of pipelines for crude oil. 
Imports in deep-sea oil tankers of over, say, 
50,000 tons can come in at none of the regular 
points of entry—Thames, Humber, Mersey, 
Southampton Water, Bristol Channel. Conse- 
quently Milford Haven and other inlets remote 
from the present refineries are being developed 
or prospected. The oil companies then have 
the choice of taking the refinery to the new port 
of entry or of transporting the crude oil from 
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the new port to the existing refinery. Since 
most of our refineries are virtually new and 
highly efficient the choice seems to be to trans- 
port the crude oil. On the whole the economics 
of this transport are in favour of pipeline. One 
line from the Gareloch to Grangemouth has 
been in use for many years. A line from Milford 
Haven to Llandarcy is being laid. One from 
Holyhead to the Mersey is under study. And so 
on. But apart from the transport of crude oil 
over short distances in the less inhabited parts 
of the country, development of pipelines is 
unlikely for the reasons given. 

The technical advances in prospect for road 
transport are in two parts. The track and the 
vehicle. There is a network of motorways 
planned along the principal arteries of the 
country—1,500 miles of them. There is a great 
programme of improvements to the existing 
trunk roads. 

The vehicle itself can develop little in capacity 
owing to the physical limitations of the track, 
especially of the bridges. It is unlikely to develop 
greatly in speed. There has been a significant 
reluctance on the part of the road industry to 
press on with the change from 20 m.p.h. to 
30 m.p.h. recently permitted. There will be a 
marked trend toward articulation, separating 
the motive unit from the carrying. 

On the other hand, the forces working against 
greater efficiency in road transport are con- 
siderable. The increase in the number of 
vehicles on the road may be more than 7 million 
in the next 12 years. It will double the number 
now. If the motorways speed movement through 
the country, the congested approaches to the 
terminals in the towns may offset that advantage. 
The increase in utilisation of the motive unit by 
articulation works for greater efficiency. Against 
efficiency, works the increasing complexity and 
cost of the unit itself, the higher crew cost 
stemming from tighter organisation of union 
membership and—be it said softly—wider 
observance of the Law. In short, opinion is 
that the efficiency of road transport will not 
surpass by much its present high level. 


RAILWAY REVOLUTION 


The picture of the railways emerging from the 
age of the Stephensons is very different. Here 
the technical advances are revolutionary. 

The advances are under four principal heads: 
traction; design of rolling stock; marshalling 
yards; and terminals. There are indeed other 
things which follow: stronger track; better 
signalling; and automatic train control to suit 
the higher speeds; but they are not fundamental 
to the end product which is a revolution in 
service. 

Of the four heads the change from steam to 
electric or diesel traction is the most publicised 
and the least important in terms of service. 
The road operators’ reluctance to increase speed 
from 20 to 30 m.p.h. has been noted; by and 
large, around 20 m.p.h. is enough. The railways’ 
problem is not so much to accelerate their 
already high speeds over the line but to reduce 
the time spent at a standstill at rail terminals and 
in marshalling yards. 

For the record the steam locomotive at the 
limit of its development in this country gives, 
for a weight of about 160 tons, a drawbar pull of 
1,200 h.p. at 60 m.p.h. A diesel-electric loco- 
motive of 110 tons gives 2,500 h.p. An electric 
the same power for 80 tons. Translated into 
performance the diesel or the electric will 
handle express freight trains at the same 
average speeds as the present express passenger 
trains: around 55 m.p.h. 

The principal advantages of the change of 
traction are economic. The capacity of the 
diesel and still more the electric, to work for 
days virtually without intermission, the greater 
reliability, especially of the electric, the higher 
tractive effort will be translated into lower cost, 
a subject on which it is not proposed to trespass. 

Rolling stock marches with the times in three 
ways. First, to match the higher speeds; second, 
to overcome the disabilities of the road/rail 
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transfer; third, to eliminate the damage in 
shunting. 

Higher speeds mean heavier braking. The 
distance required to stop goes up with the square 
of the speed. The wagons must therefore share 
more in the stopping. A programme to equip 
all wagons with brakes which can be controlled 
from the locomotive is in course of being carried 
out. 

Road/rail transfer is, in the author’s view, the 
nub of the matter, the key to the railways’ 
continued existence. Economically they cannot 
continue to exist on the bulk traffics alone. 
They must secure a higher share of the con- 
sumer goods which require transport, not siding 
to siding, but door to door. Railways have been 
shown to be faster and safer and sufficiently 
reliable when on the move. They throw away 
those advantages at terminals and in marshalling 


yards. There is no better way to cope with 
either difficulty than to avoid it. And broadly 
this is what the railways can do. There are 


many devices under development at the moment, 
falling into two main classes: the container and 
the road/rail vehicle. 


PIGGY-BACK CONTAINERS 


The design of a container is partly a problem 
in design to suit individual trades: to tip for 
some bulk traffics; to discharge by compressed 
air for others; to refrigerate; to carry greater 
weights. It is partly a problem how to transfer 
it between road and rail: crane, either mobile 
or overhead; fork lift truck; rollers and winches; 
or lugs and ramps. 

The road/rail vehicle may be either a “ piggy- 
back ’’ one which climbs on to a railway chassis 
or a true amphibian which runs with the same 
chassis on road or rail. In America where 
everything, including the railway gauge, is 
larger than life, the piggy-back is in wide use. 
Here with our gauge of 13 ft 6 in, 2 ft less than the 
American’s, the design of a piggy-back with 
a good pay load is difficult. The development 
of the amphibian is more likely. A prototype 
is under test. The design is being pressed and 
must be pressed with vigour. 

The upshot of these two things alone or in 
combination will be the ability of the railways 
to transfer full loads between road and rail in a 
negligible time at a negligible cost and with 
no risk of damage. 

To safety in shunting, of which more under 
marshalling yards, ‘the contribution of the 
designer of rolling stock is an improved buffer 
and coupler, the effect of which will be simply— 
and no more need be said—to remove the risk 
of damage from shunting. 

Next, marshalling yards. The unit of the 
country’s trade is less than a train load. The 
unit of a railway’s operation is a train. Hence 
the device of marshalling yards for combining 
and dispersing the smaller units into and out 
of the larger. A necessary evil up to a point 
and that point is now several places away from 
where it was. Our forefathers could put no 
more than a thousand wagons a day into a mar- 
shalling yard of some seventeen sidings. That 
was the reasonable limit which an engine could 
do shunting on the flat. As traffic grew to the 
point where there were fifteen hundred, two, 
three, five thousand wagons a day passing 
through a junction, there was nothing our 
forefathers could do but add to the one yard at 
that junction a second, a third, a fourth, a fifth 
—and because each time they did so they 
increased the number of wagons transferred 
between each of the yards at that junction, a 
sixth, a seventh,and soon. At one such concen- 
tration with which the author was concerned a 
little while ago, a little less than five thousand 
wagons a day entered and left the area: we 
shunted over twelve thousand. Each wagon 
on average was shunted nearly two and a half 
times. Now techniques have advanced to the 
point where we can shunt over five thousand 
wagons a day in one yard. In the case quoted, 
fifteen yards were combined in one main through- 
put yard and two storage yards. 
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The uses of these techniques are first to 
simplify the complex system of yards in the 
principal areas of production and consumption; 
and second to close or reduce to their proper 
function of local distribution the yards inter- 
mediate on the line of route. In the first sense 
fifteen yards in the East of London, twelve in 
Sheffield, become one apiece. In the second sense 
at Peterborough four yards were closed in 1953, 
three more are planned for closure. One Region 
has closed 40 per cent of its yards since the war, 
another 30 per cent are under the hammer; 
70 per cent in all. Another Region has recently 
announced a reduction of 60 per cent in prospect, 
and so on. There is no better way of avoiding 
delay to wagons in a marshalling yard than by 
abolishing the yard. 

Marshalling yards have a reputation for 
damaging wagons and their contents—exagger- 
ated like many a canard, but true up to a point. 
Apart from the oleo-pneumatic buffer being 
fitted to the wagons there are new techniques 
being developed in the yards themselves with 
railbrakes which control the speed of a wagon 
within very narrow limits. Each wagon deter- 
mines by radar the degree of control which the 
railbrake must exert. In a few years, damage in 
marshalling yards will be a thing of the past. 


MAKING UP TRAIN LOADS 


Next we come to terminals. Here there are 
three main streams of thought. First, the basic 
industries whose transport costs are of so great 
a proportion of their selling price will continue 
allied more firmly than ever to rail. Their need 
will continue to be receipt of raw materials in 
and despatch of finished products from their own 
siding. Where their customer also has a siding, 
well and good. Where their customer has not, 
the new techniques of road/rail transfer by new 
types of container or by road/rail vehicle will 
accelerate and simplify the transit. 

Second, by virtue of these new vehicles the 
railways will no longer be tied to particular 
terminals. Any siding with a bit of tarmac 
alongside—for speed preferably alongside a 
marshalling yard—will do for a crane, forklift 
truck or other device to transfer containers or 
for the road/rail vehicle to hop off or on to the 
railway. 

Third, for small consignments which must be 
sorted the concentration into terminals 20 or 
30 miles apart will have the effects firstly, of 
making mechanisation worthwhile with _ its 
benefits of speed and low costs; second, of 
making train loads from the terminal with 
benefits in speed by avoiding marshalling yards, 
and third, of reducing damage in handling by 
the use of conveyors. In this sense one region 
has recently announced a plan for concentrating 
the work of 170 terminals in 48 redesigned ones. 

We have need here of the three P’s: Principle, 
Patience and Perseverance. Of principle to con- 
centrate into train loads only at the point of 
production and to disperse only at the point of 
consumption. Of patience for the principle to 
be recognised as true. Of perseverance to get 
the money and to construct the yards and 


terminals. The end product in transit is some- 
thing like this:— 
Time available (collection to de- 

livery) .. - bi .. 6 p.m.to8a.m. 
Collection and transfer to rail, 

1 hour = as “e 7 p.m. 
Marshalling and waiting depar- 

ture, | hour : ae ma 8 p.m. 
Journey up to 400 miles at 50 

m.p.h. .. - ie a6 4 a.m. 
Marshalling and placing, 1 hour 5 a.m. 
Spare, 2 hours .. we Pe 7 a.m. 
Transfer to road and delivery .. 8 a.m. 


The transformation of the railways in relia- 
bility, in overall speed, in safety, can hardly 
be exaggerated. If it is true that their present 
failures in these respects stem from the delays 
and risks in marshalling yards and terminals, then 
such a radical plan to avoid both in large part and 
to take the risk of delay or damage out of the 
remaining fraction must restore the railways to 
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their old position of competing on equal terms 
of efficiency with any other form of transport 
But—and it is a big but—there are iwo congj. 
tions: courage to spend the very large sums of 
money on their freight business and the wit to 
solve the problem of the transfer between rail 
and road. 

So traction, rolling stock, marshalling yards 
terminals—all adding up to £1,500 iillion of 
money for the principal railways of the count 
What happens to the rest? Let us face the fag 
that, except as a convenience, they are no} 
necessary. A modern railway—electrified oy 
dieselised, with colour light signalling, automatic 
train control, continuously braked freight trains 
efficiently equipped with marshalling yards and 
terminals—can run on each track each day 
200 trains, passenger and freight. That is, where 
the speeds of the trains are unequal. Where the 
speeds are equal, as on suburban passenger lines 
a service of 500 trains per track per day awaits 
only the demand to run them. 

Two thing flow from this thought. First, it 
would be economic nonsense to modernise branch 
lines which require 1 or 2 per cent only of this 
capacity. Nor with the road/rail vehicle jp 
prospect is there any physical need to do 0, 
Second, there can and should be fewer main 
lines. Some lines built competitively like the 
four routes across the Pennines or the three 
routes between Sheffield and London can surely 
be reduced in number. 

Finally—and this is the only Pie in the Sky, 
and beyond the scope of this paper in time—is 
the prospect of automation for the railways with 
their private tracks, their disciplined service, the 
high labour costs. To control loading, shunting 
and the movement of trains by push button is no 
idle dream. 

The picture of railways reduced in number, but 
convenient, reliable, fast, safe and cheap, may 
seem to the reader as special pleading by a rail- 
way man. Of course it is; but let the author 
say two things. We tend in this country to be 
so objective, to be so fair to others, that every 
thing is reduced to the average level of dullness. 
Second, the author has set down what the 
protaganists of air, water and road have said 
for themselves. If there is a great deal more to 
be said for railways, then it is because the tech- 
nical advances in railways over the next 15 years 
will be far greater than in other forms of trans- 
port. 


THE UPSHOT 


The picture of inland transport after some 
15 years will have elapsed is of each form 
operating at a very high level of efficiency. Air, 
water, pipeline and transmission line will be 
doing important specialised work on the fringes 
of the national effort. The main stream will 
still be along the roads and the railways. 

But unless there is effective action, there will 
be an enormous surplus of transport. National 
demand up by 45 per cent. C Licences up by 
60 per cent. Public road haulage vehicles by 
50 per cent. Trunk railways by 50 per cent. 
Transport on Tap indeed. 

The direction of action is clear. The end 
must be the preservation for the nation of the 
advantages of each form; to use the small 
flexible units of road and air for the small loads 
which need the flexibility of unregulated depar- 
tures or arrivals or—in the air—exceptional 
speed, and for all loads in areas from which 
the railways have withdrawn; to use pipelines 
for the bulk movement of oil from port to 
refinery; to use—and to use to near capacity— 
the railways which remain, for the main streams 
of medium and long-distance traffic. 

Left to itself, this will not happen. This is 
no time for a policy of Jaissez-faire. Unregu- 
lated competition in transport never has led to 
good service. Transport has to be governed 
and disciplined. Whether the need is for more 
regulation of competition or for more coordina- 
tion or for integration is another matter. What 
is vital for the country is that the Transport Tap 
should not run to waste. 
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COMPUTERS IN TRANSPORT 


The first railway use of a computer was to 
establish the shortest distances between 
all of the freight terminals in the country. 
Many accounting applications followed. 
Technical tasks already completed include 
the analysis of rolling resistances and some 
of the undesirable movements of vehicles. 
Methods are being examined for the solution 
of some complex design problems, and for 
such scheduling operations as rail and bus 
timetables and plant loading. 


we this paper was first considered, there 
was some doubt as to the propriety of 
dealing with it in the Engineering Section, for 
the reason that the greater number of computers 
in the British Transport Commission are used 
for office rather than for engineering purposes. 
However, many even of the office uses pose 
engineering problems, and some of the more 
novel potentialities are in the no-man’s land 
between the two. Finally, there was the existence 
of a Government White Paper (to which the 
author’s attention was drawn by Mr. Merriman 
of HM Treasury) presenting a report from a 
special Committee, recommending the placing 
of a development contract for an entirely new 
form of computer. This Committee was chaired 
by the President of the Royal Society, and had 
among its members the chief railway development 
engineer, the date was 1823, the inventor of the 
machine was Babbage, and the railway engineer 
was Sir Marc Brunel; so railway engineers and 
computers were together in their earliest days. 

There have been at least two occasions when 
the mechanisation of computation was discussed 
by the British Association. At the Cambridge 
meeting in 1938 a paper was read by the late 
Dr. L. J. Comrie, a great pioneer in applying 
numerical analysis by the use of the most modern 
digital machines of his time—standard punched 
card office equipment. At that meeting, too, the 
late Sir John Lennard-Jones demonstrated a 
Meccano model of a differential analyser, a 
costly mechanical machine now almost com- 
pletely superseded by electronic analogue com- 
puters. This paper will not be concerned with 
analogue computers because, so far, they have 
been very little used in transport undertakings, 
the one notable exception being the special- 
purpose machine developed for the British 
Transport Commission by Professor Bradshaw, 
of Manchester University, for solving the equa- 
tions of motion of trains to give point-to-point 
timings and speed curves; in this machine 
the mechanical integrators of the differential 
analyser are replaced by commercial watt-hour 
meters. 

At a second meeting of the Association at 
which reference was made to computers, that at 
Liverpool in 1953, Professor Rosenhead pre- 
sented a paper to the Mathematics Section 
entitled “* Society and the Calculating Machine.” 
In that paper he wrote:— 

“It may also be mentioned that there are, 

in Great Britain at the present time, only 

about 20 electronic calculating machines. It 
is understood that about ten of these are in 

working order and that on some of them a 

great deal of valuable work is being done; 

the remaining ten are in various stages of 
development.” 

Just over five years later, at the British Com- 
puter Exhibition held last autumn, there were 
over 40 British exhibitors of digital computers and 
associated equipment, 13 different machines 
in commercial production, and at least three more 
in an advanced stage of development. At the 
beginning of this year there were about 140 in 
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use in this country; of these rather less than half 
are used for scientific and engineering work, and 
the remainder for administration. 


CAPACITY FOR ARITHMETIC 


Before turning to the uses of automatic digital 
computers in transport, it is worthwhile reiterat- 
ing some of their more important characteristics. 
Outstanding, of course, is the very high speed 
with which they perform the ordinary processes 
of arithmetic; addition, for example, at the rate 
of 15,000 per second being commonplace. This 
speed would be wasted unless the numbers to be 
operated on were immediately available, and the 
numbers are held in stores, at various levels of 
speed of access. A typical business machine 
might have a high speed store for 2,000 numbers, 
with an access time of 0-2 millisec, up to four 
magnetic drums, with 65,000 numbers on each 
and access time of 5 millisec, and up to eight 
magnetic tape decks with slow access to 500,000 
numbers on each. It is this high speed and ready 
access to large quantities of stored data which 
makes computers the powerful and useful tools 
that they are. 

It is this speed, too, which has demanded from 
engineers the design of very fast means of com- 
munication with the outside world, input readers 
and output printers, which will ensure that the 
high potential speed of arithmetic is not wasted 
through delays in writing down the answers. 
The success they have achieved is witnessed by 
the existence of input equipment which will read 
from punched cards at over 500 characters a 
second or from punched tape at 1,000, and of 
Output equipment which will print at 5,000 
characters per second; the quantity of paper such 
machines are capable of producing is rather 
frightening but would appeal to Professor 
Parkinson. The machines we at present operate 
in the British Transport Commission are more 
modest, running at about 200 characters a second. 

Again, computers are accurate: it is not claimed 
that they never make undetected mistakes but the 
proportion is many times less than with human 
calculations. But present day machines have 
no initiative and no power of imagination; they 
carry out exactly the instructions in the pro- 
gramme presented to them, neither more nor less, 
so that these programmes have to be quite 
complete and minutely detailed. The prepara- 
tion of these programmes is a long and arduous 
task that has to be done with meticulous accuracy. 
A corollary is that they are inflexible. Even 
when all the necessary data are in the machine 
store, it is not possible to get a snap answer to 
an occasional question, unless provision for 
answering exactly that question has been included 
in the machine programme. And finally, except 
in those comparatively few cases where the 
basic numerical data are generated in machine 
language at source, those data have to be trans- 
cribed by hand to punched cards or tape, or other 
medium that the computer can accept and, for 
the large quantities of data that arise in many 
administrative applications, this transcription 
is not only laborious and expensive, but the 
greatest source of mistakes. 


THE COMPUTER THAT NEVER WAS 


Turning now from the general to the particular, 
it is not intended to give a series of principles 
which are or should be consciously followed in 
applying computers to transport problems, but 
rather to give an account of some computer 
applications, and to see what can be learnt from 
them. 

The first of these concerns a computer that 
did not materialise. Some months ago imagina- 
tion at the Commission, and at some of the 
manufacturers, was stirred by schemes using a 





computer as the basis of aircraft reservations 
systems. A most elegant design was produced 
to deal with the seat reservations at Padding- 
ton. It involved a design which, by pressing the 
right buttons, displayed the plan of the train 
and the coach to the enquiring passenger, and 
when he had chosen his seat, printed his ticket, 
and at the right time sent the details to the 
carriage sheds where the trains were made up. 
The cost was fabulous; the savings, because the 
Commission uses so few people for making 
reservations, were negligible, and the scheme was 
dropped. Two things were learnt from this: 
the reservation system can be improved by 
improving the communications, which it is hoped 
to do; and, contrary to the advertising of one 
of the computer manufacturers (not British), 
“keeping up with the Joneses ”’ is not sufficient 
reason for acquiring a computer—there must 
be a profit in view. 

The first time that a computer was used on a 
transport job in this country arose from the 
necessity, imposed by the new system for charging 
for railway freight, for knowing the shortest 
distance by rail between all the 4,000 local 
groups of freight terminals in the country. The 
task could have been performed by hand, but 
it would have taken 250 man-years. Negotiations 
were therefore opened with J. Lyons and 
Company, who had done so much in the early 
days to support British computer research, and 
the work was done on their original LEO, 
the tabulated results, with a set of cards for 
each station photographed direct from LEO 
output, being ready in time for the introduction 
of the new charges scheme. 

The first computer to be acquired is that 
now working out the weekly payslips for 11,000 
employees in Swindon works. This was the 
first computer in any railway in Western Europe. 
Pay-roll is a good application from which to get 
early computer experience, because there is a 
tight time schedule; the pay must not be late, 
even though trains unfortunately sometimes are, 
and the pay calculations, although not sophisti- 
cated, are reducible to a routine and require a 
lot of clerical labour. The expected savings 
from reducing labour were in fact realised 
within a near margin, the morale and keenness 
in the Swindon pay office are terrific and there 
have been fewer pay queries. British Railways 
have now five computers working on pay-rolls, 
and more ordered or being planned. But pay 
work has a peak load, and the machine is under- 
occupied in the second half of the week; this 
spare time has been used at Swindon to work out 
and prove the programmes for stores accounting 
and stock control in the worls. The expected 
economies have justified the ordering of a second 
machine, and it is hoped that the more exact 
and up-to-date information that this will provide 
will lead to considerably greater, but indirect, 
economies by reducing the amount of stock held. 

It should be appreciated that in a railway 
works, of which Swindon has been quoted as an 
example, numerical administrative data are 
handled by three departments: the planning 
engineers who produce schedules of shop 
loading and of materials required; the stores 
department who hold, order, and issue stores and 
materials; and the accountants who pay the 
men and the bills and who keep financial control. 
The ultimate objective is common to all, to 
produce the goods on time and economically, 
and large quantities of numerical data are 
passed from one department to another in the 
process. 

There is a strong prima facie case for treating 
all this figure work as one integrated whole, 
and doing it by computer; working out the 
details of the flows of information from the few 
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types of source documents to produce the 
necessary working documents and also the infor- 
mation that is required by management at all 
levels to provide the basis for their decisions is 
an immense task, but is being undertaken in 
three separate works. A project for a still 
larger measure of integration, to cover the whole 
of the numerical information in a_ railway 
region, is being studied in Scotland. 


CHECKING PASSENGER MOVEMENTS 


The preceding examples have illustrated an 
increasing scale in the complexity of schemes for 
the use of computers. Ditficulties of a different 
kind face the Hotels and Catering Division 
which, as well as hotels, looks after refreshment 
rooms and dining cars. Their working units 
are scattered throughout the country and some 
of them do not even stay in one place. There is 
scope for considerable economy and _ better 
control by centralising some accounting and 
audit functions, notably the preparation of 
weekly pay slips; this, however, imposes a very 
tight time-table for collecting the necessary data 
from the scattered units, and sending back the 
answers. Some trials have been carried out 
with a procedure for sending the input data by 
telephone direct to tape recorders at a small 
number of provincial centres, and thence by 
teleprinter to London where the received paper 
tape is in a form suitable for direct entry to some 
types of computer. The accuracy achieved was 
not perfect but may be adequate for this applica- 
tion. Transmission of computer data by wire 
or radio will, however, be wanted for other 
applications in which freedom from errors and 
a high speed of transmission are important. 
These problems are being discussed with the 
GPO engineering department: it transpires that 
a high degree of protection against undetected 
errors can be obtained by the use of error- 
detecting codes, but these reduce the effective 
speed of transmission; to recover and increase 
the speed lost demands an increase in the 
transmission band-width and this costs money. 

The present unfortunate necessity for trans- 
lating numerical data by hand into computer 
language has already been referred to. In special 
cases this has presented design engineers with 
some challenging problems. A familiar sight 
is a bus conductor, towards the end of a trip, 
writing, on a large sheet of paper clipped to a 
board, a number of figures which he copies 
from his rack of tickets or from the ticket 
printing machine. These figures are used for 
two purposes, the first being to check the cash 
and as data for the accountants, and the second 
to provide information on the numbers of 
passengers carried on the various stages and 
routes, as a guide to the future planning of 
services. 

Similar figures are also produced and used 
for similar purposes in railway ticket offices. 
The quantity of data to be analysed is enormous, 
and the extraction of all the really useful informa- 
tion could only be done economically and in 
time to be effective by the use of a computer. 
Two alternative systems are being examined for 
avoiding the necessity for hand-punching cards 
or tape. In the first of these the ticket machine, 
as it prints each ticket, will at the same time 
punch the necessary details in code on a roll of 
paper tape; and in the second it will print these 
details on a tally-roll, from which they will be 
subsequently read by a Solartron ERA, a British 
machine which is the first in the world to read 
printed figures at high speed and reproduce the 
results in computer language. In both systems 
the design problem is the more difficult for 
buses because the ticket machine must be light 
enough for the conductor to carry. 

__ In fairness it must be acknowledged that there 
is one bus company not 20 miles from York 
that records the loading of buses far more cheaply 
and without calling on electronics or computers. 
Under each seat is a switch and as each passenger 
sits down he short circuits a resistance; the total 
current which passes is registered on a recording 
ammeter, resulting automatically in a chart of 
loadings throughout the day or week. 
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VEHICLE CHECKS 


Another device on buses which produces data 
already digitised has been tried out for some 
months on one of London Transport’s routes 
where traffic congestion causes such delays that 
the controllers have to divert some buses from 
their booked runs in order to restore the situation. 
The problem is to display to the controller the 
times at which individual buses pass a number 
of fixed points on the route. Each bus carries 
on its side a plate which carries a row of reflecting 
stripes on a black ground, so arranged that their 
spacing indicates an identification number in 
binary digital code. Pick-ups are mounted at 
a number of fixed points on the route: these 
consist of a lamp which throws a beam of 
parallel light on to the plate, and a photocell 
with amplifier which picks up the light reflected 
by the stripes and transmits by telephone line 
to the control office a series of pulses which 
represent the number. The pulse train is there 
decoded by a relay tree and the answer is dis- 
played as illuminated numbers. 

An instrument which works on the same 
principle is being developed to record the 
registered numbers of the wagons in the freight 
trains which pass selected points on the railway. 
One of the difficulties inherent in the manual 
system for controlling the distribution of empty 
wagons arises from the impossibility of knowing 
in time the actual whereabouts of all the empty 
wagons, and the proposed instrument should 
Overcome this. Furthermore, feeding this 
information into a computer system should 
make it possible to use linear programming— 
developed for operational research—to calculate 
a distribution which will reduce the number of 
unproductive train miles of empty wagons. 


OPTIMUM STOCK HOLDINGS 


One of the most profitable uses for computers 
will unquestionably be as a tool of operational 
research. One BTC customer has so used it. 
He had the problem of distributing coal from 
a number of collieries by the cheapest routes to a 
number of works and the operational research 
department hired computer time for a few 
hundred pounds and thereby changed his previous 
distribution scheme and reduced his railway bill 
by £1,000 a week. The Commission is still 
looking for a problem with a computer solution 
which will get their money back. But other 
examples are being sought and there are two 
such in our works. 

One problem being examined is in the engi- 
neers’ planning department where the production 
programme is broken down to produce shop- 
loading schedules, stores requisitions, and other 
essential working documents and the fact that 
these can be produced far more quickly by 
computer gives the drawing office more time for 
better designs, and should reduce overtime 
working. But more important, it makes it 
possible to calculate that shop loading which 
minimises the buffer stocks of half-completed 
work which are normally held to guard against 
contingencies, and so reduces the capital tied up 
in ‘“‘ work on the floor.”” The other is in the 
stores department where another technique is 
used to work out, for each item of stock, the 
most economical re-ordering point, taking 
account of the variability in demand for main- 
tenance stores and the delays in receiving stores 
from the suppliers, and also balances the cost of 
excessive stock holding against that of the cal- 
culated risk of occasionally running out of stock. 

All the applications which have been discussed 
so far have been to clerical operations. The 
Commission have found it comparatively difficult 
as yet to introduce them into technical transport 
fields; nevertheless, a start has been made. 
About a year ago a medium-sized machine was 
taken over by the Research Department of the 
British Railways, and the first task on which it 
was employed was the statistical analysis of a 
large number of measurements which had been 
taken of the frictional resistance to the running 
of freight wagons. A knowledge of this quantity 
and of its variability, which is large, is vital in 
the design of gravity marshalling yards. 
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A data reduction task of far greater size js 
now being planned for computer treatment, 
This concerns the 25 kV railway electrification 
from Crewe to Manchester where an examina. 
tion, as complete as possible, is to be made of 
everything that happens while trains are running 
in service: measurements of electrical quantities 
are to be made in the electricity feeder systems 
on the conductor wire, in the motive power 
units, in the rails and in the signal and telephone 
circuits. The measuring instruments are to be 
scanned every two seconds, and it is expected 
that, in an hour’s running, about } million 
measurements will be taken, and these are to be 
analysed for mean and extreme values, vari. 
abilities, and correlations. A number of 
digitisers have been designed and built for the 
Commission which will incorporate the scanning 
gear and will produce the output on punched 
tape ready for direct input to a computer, 
Other tasks which the railway research computer 
has tackled include the solution of the equations 
of vertical motion of a coach, which should 
improve the comfort of passengers, and of the 
longitudinal motion of surges in freight trains, 
which should decrease the damage to goods. 


TIMETABLES AND ROUTINGS 


Two other problems, of quite a different nature, 
are also being investigated for the Commission, 
They have this in common that they seek to use 
computers for highly complicated work which 
in the past has been done by men who used a 
skill acquired through years of experience, and 
it is hoped that the machine will produce a 
better result. The first of these concerns the 
design of the electric circuits in a route-setting 
signal box of which there is an example here 
in York. It is these circuits that make it 
impossible to clear the route and set the signals 
without verifying that the line is not already 
occupied, that there are no conflicting routes 
already set, and that the points are correct. 
The object of the investigation is to reduce 
current practice to formal logical rules which 
can form the basis of a computer programme. 

The other investigation is to use a computer 
to work out railway timetables; these include 
not only the public book of passenger trains but 
also the working books for freight trains, and 
rosters of engines and train crews. The ultimate 
objective is to produce train schedules which 
provide a better public service with a more 
economical use of the facilities. Here again the 
first task was to reduce current practice to logical 
rules. It is already clear that the machine 
can compute a working book, but the economics 
of the process, and the time it will take, have not 
yet been worked out. Similarly, some attention 
is being given to the production of bus schedules, 
though this is at a somewhat earlier stage; here 
too it is hoped to achieve economies in operation. 
In both these scheduling schemes, the outcome 
from which the biggest benefit expected is that of 
increased operating efficiency. The rules by 
which this is to be sought will almost certainly 
derive from operational research. 

The use of computers, in industry in general 
and in the transport industry in particular, is in 
its infancy, but they have already been put to 
profitable work. Some of the applications are 
humdrum, but many are exciting. More 
important, the vista of future applications is still 
more exciting, if somewhat misty. The objective 
of a live transport organisation is to provide a 
service of transport for passengers and freight 
which more nearly fulfils the public requirements, 
with improved standards of reliability and 
safety and at an economic cost. Any new 
computer application must further this objective. 
The choice of a possible application makes two 
demands: the first calls for an act of imagination, 
backed by a knowledge of the powers and 
limitations of computers and of the needs of 
the organisation; the second for a detailed 
examination of all the aspects of any proposals, 
technical, operational and economic, to forecast 
the extent to which they will further the attain- 
ment of the overall objective. The satisfaction of 
these demands is not easy. 





Un 
Rai 
of | 


whi 
ligh 
silic 
spe 
dou 


adc 
bri 
smi 


eos 


—am ' & —@— ee OO OS BS 


ooo 


re 
ll 
le 


wei 


ENGINEERING ‘September 18, 1959 


231 


British Association Meeting 





RAILWAY ELECTRIFICATION PROGRAMME 


Under the modernisation plan of British 
Railways a high degree of standardisation 
of electric locomotives has been adopted. 
A test programme is now providing data on 
which future designs can be based. On the 
lighter multiple-unit stocks germanium or 
silicon rectifiers are being used. For high- 
speed running the power carrying wire is 
doubly supported as a “compound caten- 
ary’. For open stretches 25kV has been 
adopted for the supply. In tunnels and under 
bridges this is reduced to 6}kV so that 
smaller clearances can be used with safety. 


ie HISTORY Of railway electrification dates 
back some 80 years but the rate of extension 
and the technical means employed have exhibited 
wide variations between one country and another. 
For the largest part of the intervening period, 
electrification was only financially attactive 
where special circumstances operated; for 
example, in intensive suburban services or in 
regions where water power was plentiful and the 
supply of coal difficult or precarious. Early 
schemes in suburban areas were usually operated 
on the third-rail direct current system, whereas 
railways in mountainous regions were worked 
by motors of the induction type provided with 
a three-phase supply; two contact wires being 
used with the rails providing the third phase. 
Single-phase motors of a series type were not 
used originally because they were troublesome 
at frequencies as high as 25 cycles and were 
considered impracticable at frequencies of 
40 to 50 cycles. 

In 1910, the single-phase system was intro- 
duced by the Berne/Loetschberg railway using 
a frequency of 163 cycles and a voltage of 
15,000 volts. This system has subsequently 
been extended to become the standard for 
Switzerland, Germany, Austria and Sweden. 
The low frequency was chosen in order to permit 
the use of single-phase series motors, and the 
high voltage led to economy because power 
could be transmitted for a considerable distance 
between substations. This was an important 
advantage where the object was to electrify 
main lines of some considerable length. 

In the case, however, of suburban services, 
and particularly those in this country where 
intensive traffic was carried over comparatively 
short distances, the simpler more robust equip- 
ment of the d.c. system was preferred. An 
intermediate solution was the use of direct 
current through an overhead line at 1,500 or 
3,000 volts. The intensive services encountered 
in Belgium and Holland encouraged the use of 
these systems and the 1,500 volt system was also 
adopted as a standard in both France and 
Great Britain. 

It will be noted that the 16% frequency differs 
from that which is normally used for power 
purposes. This was no great disadvantage in 
the early days of Swiss and German electrifica- 
tions where hydroelectric generating stations 
were constructed by the railways for their own 
use. The subsequent development and universal 
availability of commercial power supplies at the 
Standard frequency of 50 cycles, however, 
renders desirable the linking of the railway with 
the general industrial supply. Thus, with either 
the 163 single-phase system or a d.c. system, 
some form of energy conversion became neces- 
sary to enable supplies to be taken from the 
national network and fed to the railway. This 
conversion on d.c. lines is at present carried out 
by means of mercury arc rectifiers placed in 
substations along the railway or, in the case of 
the 16% cycles, by rotary frequency converters 
similarly situated. Rectification, since the 
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development of mercury arc rectifiers and, more 
recently, of semi-conductor rectifiers, is a simpler 
operation than frequency conversion. However, 
it has not yet been considered feasible to work 
with high voltages on direct current for railway 
work, although examples are now available of 
its use for power transmission. 


A.C. TRANSMISSION PREFERRED 


In deciding whether the conversion of a.c. to 
d.c. should take place at the substation or on 
the moving vehicle, we have to weigh the 
advantages of using a high voltage a.c. to 
transmit power for a considerable distance 
from the feeding point to the moving vehicle 
(albeit complicating the equipment of that 
vehicle with rectifying apparatus) against rec- 
tifying by stationary plant and feeding com- 
paratively short lengths of track with d.c. at 
low voltage, using somewhat simpler equipment 
on the train. Close study has been given to 
these questions by the British Transport Com- 
mission and it has been shown that where any 
distance has to be covered, as in main line 
operation, the a.c. system is more economical 
both in first cost and operation. It has therefore 
been decided to proceed with the electrification 
of British Railways with single-phase 50 cycles a.c. 
at 25,000 volts. The selection of a 50 cycle 
frequency was rendered possible by technological 
developments which were not available when 
16% cycles were selected by certain Continental 
administrations. 

Under the modernisation plan approved by 
the British Transport Commission on 6 October 
1955, covering a period of 15 years, it has been 
decided to electrify the main line railways from 
London to Manchester and Liverpool, together 
with associated lines serving Birmingham and 
district; to electrify the main line eastern route 
from King’s Cross to Leeds and perhaps York; 
to extend the suburban electrification from 
Liverpool Street to Bishop’s Stortford and 
Hertford; and to electrify the main line to 
Harwich and Ipswich. 

New suburban electrifications, which will be 
carried out on the 50 cycle system, are between 
Fenchurch Street and Southend, together with 
an extensive network in the Glasgow region. 
The extension of electrification on lines serving 
Liverpool Street necessitates the conversion of 
existing lines to Southend and Chelmsford from 
1,500 volts d.c. to a.c. Sections of these lines 
will be energised to 6,250 volts for reasons which 
will be explained later. Extensions of the 
Southern Region’s network to the Kent Coast 
are being carried out on the third-rail 750 volts 
d.c. system to permit interrunning with the 
already extensive electrified line south of the 
River Thames. 

The decision to adopt the 25kV 50 cycle 
system as a standard was preceded by the re- 
equipment of the electrified line joining Lancaster 
with Morecambe and Heysham which was 
successfully operated using 50 cycles at 6,600 
volts. Furthermore, two sections of lines to be 
covered by the present modernisation plan were 
designated as pilot schemes. These were the 
line between Crewe and Manchester and those 
connecting Colchester with Clacton and Walton. 
The latter of these two installations is already 
operating in public service and sections of the 
former are in regular use for the training of 
drivers. 


DIESEL OR ELECTRIC 


It must be accepted with regret that the steam 
locomotive is no longer able to perform the duty 
required at an overall cost which can be regarded 
as economic. When re-equipping a railway with 
motive power, the choice has therefore to be 


made between diesel or electric traction. Diesel 
traction has the advantage that it can be brought 
into use more readily but both its first cost and 
running costs are higher than in the case with 
electric rolling stock. Electric locomotives and 
railcars are cheaper to construct and maintain 
than the diesel equivalents and the basic cost of 
power is lower. Under certain conditions of 
operation, however, the maximum demand 
charges required by the supply authorities may 
offset, to some extent, the intrinsic cheapness of 
electric power. Because it draws its power from 
an external source, the electric locomotive has a 
very high short-term overload capacity and, 
because it does not need to be refuelled and is 
inherently simpler mechanically, it may be made 
available for traffic for extended periods without 
the need to return to motive power depots. 

Against the capital saving arising from the 
use of electrically operated motive power must 
be set the cost of providing contact wire, supports 
and associated fixed equipment. It is clear that 
on an intensively loaded line this cost is spread 
over many trains, whereas on a lightly loaded 
line, this may constitute so heavy a capital burden 
that it would be cheaper in such a case to employ 
the more expensive diesel equipment. 

It has been customary to measure the intensity 
of service in terms of the number of trailing ton- 
miles per track mile per annum. This provides 
a rough measure of the capacity of the railway 
and it is generally considered that, where this 
figure exceeds 4 million, electrification is justified. 
This simple measure of traffic passing is, how- 
ever, a somewhat unreliable guide to the cost of 
the necessary tractive power. For example, the 
total tractive effort required to operate a train 
on a steeply-graded route is obviously much 
higher than on a level route. Again in suburban 
working, where stops are frequent and much 
power has to be used to provide kinetic energy 
of the trains rather than merely to overcome 
their rolling resistance, the total installed power 
must be greater. It is therefore not surprising 
that electrification was first extensively employed 
in these two classes of traffic. It is also apparent 
that the economics of electrification are very 
sensitive to the nature and amount of traffic 
passing and a decision to electrify can be taken 
as evidence of confidence in the future on the part 
of the management. 

It is noteworthy that intensive electrifications 
are in progress in most of the major industrial 
countries of Western Europe, in countries of the 
Commonwealth as different as India and Aus- 
tralia, in vast areas of the Soviet Union and in 
Spain, Portugal and Japan. With the exception 
of those countries having extensive systems 
already operating at 16% cycles, all these coun- 
tries are employing or experimenting with the 
50 cycle single-phase system. 

The only major exception to this is to be noted 
in the United States and Canada where, not with- 
standing the extensive system of electrification, 
installed by such companies as the Pennsylvania, 
something less than 2 per cent of route mileage 
has been electrified and no major new schemes 
are proposed. Studies made in the 1930's 
showed that with the traffic offering prior to the 
great depression, electrification was economically 
justified but, with the fall-off in traffic which 
occurred during the time the investigation was 
in progress, this was no longer so. Traffic has, 
of course, recovered from these low levels but 
the extensive and now almost universal use of 
diesel-electric propulsion has enabled economies 
to be made and the traffic to be handled success- 
fully. 

It is not known what the results of a study 
based on current traffic would be but it is the 
author’s view that the absence of any serious 








proposals to extend electrification in the United 
States is due to current financial difficulties of 
the concerned companies and the reluctance of 
managements to consider very large capital 
commitments, the return for which could only 
be assured by the maintenance of industrial 
prosperity over a long period. 


ROLLING STOCK 


There are two basic arrangements for the 
electric propulsion of trains, namely multiple- 
unit and locomotive. 

Multiple-unit passenger trains are made up 
of 2, 3, 4 or 6 coach units which are provided 
with control positions at each end and with 
bogie mounted motors driving the axles through 
single reduction gearing. The number of axles 
sO motored may ‘vary from one-sixth to all axles, 
according to traffic requirements. The control 
circuits of such units are continued throughout 
their length and arranged for easy coupling 
between units so that a train of any length can 
be made up and controlled by one driver. In 
modern designs, all electrical equipment can be 
mounted below the floor, leaving the whole of the 
floor area for revenue earning purposes with the 
exception of a very small enclosure for the driver. 
There is no question that, for suburban working, 
this arrangement is ideal because the train can 
be reversed at busy terminals without any shunt- 
ing movement whatsoever and it is particularly 
easy to vary the number of vehicles in consonance 
with variations in the traffic available. 

Where freight traffic loaded into individual 
trucks has to be handled, an electric locomotive 
is essential. This can be arranged if necessary 
for multiple-unit control so that two or more 
locomotives can be controlled by one man 
where particularly heavy trains have to be 
hauled. The operation of main line passenger 
traffic offers the possibility of using either 
multiple-unit or locomotive haulage. Where 
interrunning of through trains with non-electri- 
fied sections is required, locomotives are again 
essential. In other circumstances, it can be 
Stated that multiple-unit working is the most 
desirable from the operating point of view 
but there may be a case for using some loco- 
motives to obtain flexibility of working; for 
example, a locomotive could be used at night 
for freight haulage and for passenger working 
during peak traffic periods. 

Certain administrations using the 163 cycles 
system have found that for trains over about 
six coaches in length, it is less costly to provide 
a locomotive than a series of multiple-units. 
In some cases, therefore, light locomotives have 
been constructed which are arranged to be 
capable of being controlled from a driver’s 
position at the remote end of the train to obviate 
the need for shunting at busy termini. 

For the initial stages of the modernisation 
plan, locomotives are under construction using 
the BoBo wheel arrangement. In order not to 
exceed 20 tons axle load, the total weight of 
these locomotives is limited to 80 tons. They 
are capable of a maximum speed of 100 miles 
an hour in the case of passenger locomotives 
and 80 miles an hour in the case of freight 
locomotives. There is no difference between 
the two classes excepting for gear ratio. Current 
is collected through a pantograph, passes 
through a circuit breaker mounted on the roof 
and then to a transformer where the voltage is 
reduced to a value acceptable to the motors. 
The transformer is provided with tap changing 
gear which constitutes the means whereby the 
driver controls the locomotive. Forty steps are 
provided giving a very fine control of the voltage 
applied to the motors and therefore of power 
developed. From the transformer, current passes 
through rectifiers of the mercury type and then 
to series-motors of a type normally employed 
in d.c. traction systems. Choke coils are pro- 
vided to even out the wave-form of the continuous 
current applied to the motors. 


FOUR LOCOMOTIVE DESIGNS 


In order to take full advantage of the design 
potentiality of British 


industry, orders for 
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locomotives have been spread among four firms. 
Standardisation of external dimensions, appear- 
ance and performance has been achieved and, 
still more important, the driving cabs and 
controls have been standardised; thus the driver 
will be able to carry out his duties without any 
distraction due to minor differences in loco- 
motives. Detailed arrangements of trans- 
formers, rectifiers and auxiliaries differ, however, 
between the four manufacturers. This will enable 
comparative studies to be carried out and the 
best selection to be made eventually. Design 
of bogies and the mechanical means of trans- 
mitting power from the motor to the axle also 
vary between types. These latter features have 
a bearing on the quality of riding of the loco- 
motive and on any damaging effect it may have 
on the track. 

It may be recalled that the method of sus- 
pending motors on most d.c. systems is similar 
to that employed on tram cars, namely the nose 
and axle suspended motor. Here, the motor 
casing is carried at one end on bearings which 
run on the axle and at the other by the bogie 
frame. A pinion on the motor spindle engages 
with: the gear mounted directly on the axle. 
It will be noted that with this arrangement a 
considerable proportion of the weight of the 
motor is carried directly on the axle without 
the intervention of springs and that, when the 
axle moves rapidly relative to the bogie frame 
due to some irregularity of the track, considerable 
accelerations of a rotational as well as of a 
translational character are imposed on_ the 
motor armature. 

There is a considerable body of opinion which 
considers this arrangement unsatisfactory and, 
in the case of the larger motors at least, it is 
customary to use a more refined arrangement. 
Here, the motor is carried entirely by the bogie; 
and the gear, instead of being mounted directly 
on the axle, is mounted on the hollow shaft or 
quill which, although surrounding the axle, is 
carried independently in bearings whose position 
is fixed relative to the motor. The connection 
between the gear shaft and the axle is arranged 
either through some form of universal joint or 
by a connection embodying considerable resil- 
ience. 

The British Railways’ locomotives will embody 
one or other of two flexible drives which have 
been well developed on overseas railways, 
namely the Alsthom and the Brown Boveri 
drives. It will be some time before the relative 
advantages of these designs have been proved 
by service experience but an extensive test 
programme has been authorised to provide 
data on which further designs can be based. 

The modernisation plan has also called for 
the introduction of a large number of multiple- 
unit sets. Here again, four main firms are 
providing the electrical equipment and the 
construction of the vehicles themselves is being 
shared between contractors and railway work- 
shops. The type of passenger accommodation 
provided, e.g. compartment or saloon stock 
and provision or otherwise of first class accom- 
modation, varies in accordance with regional 
traffic requirements; but the technical perform- 
ance of the vehicles will be standardised so as 
to permit of complete interrunning. Here 
again, the control from the driver’s point of 
view has been standardised and the arrangements 
in the driver’s cab simplified to the maximum 
possible extent. 

The difference from the driver’s point of view 
between locomotives and multiple-unit stock is 
that due to varying train weights and duty, the 
driver of a locomotive is influenced in his 
actions by reference to an ammeter indicating 
motor current, whereas with multiple-unit stock 
with its constant load, it has been possible to 
arrange for automatic acceleration; thus there is 
no need to provide indicating instruments in 
that case. 

The electrical circuits of multiple-unit trains 
are similar to those embodied on the locomotive 
excepting that opportunity has been taken in 
some cases to substitute germanium or silicon 
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rectifiers for mercury arcs; this provides a light 
and compact arrangement. Braking of the 
multiple-unit equipments is throughout by 
electro-pneumatic brake which combines fine 
control with speed of operation. Another differ. 
ence between the multiple-unit and locomotive 
equipment is that the motors of the former are 
self-ventilated, whereas in the case of the loco. 
motive, blowers are provided from which air js 
ducted to the motors. In both cases arrange. 
ments are made to accept power at either 25,000 
or 6,250 volts. Reference will be made to this 
below. 


OVERHEAD EQUIPMENT 


The requirement of overhead equipment is to 
provide a contact wire from which the train may 
draw power continuously. This imposes certain 
standards of contact wire alignment which are 
much more severe in the case of a high-speed 
railway than, say, in the case of a tramway 
system. 

To enable the pantograph to follow the con- 
tact wire, this must not depart suddenly from a 
straight line in a vertical plane and must be sup- 
ported sufficiently frequently to minimise the 
natural fall between supports. Thus the contact 
wire must be supported between structures from 
a second wire which takes the form of a catenary, 
There are three basic forms of construction: 

(a) the simple catenary wherein the contact wire 
is suspended directly from a single wire by means 
of droppers spaced about 20 ft apart, 

(b) an improvement is made by employing a 
third wire for a distance to each side of the 
supporting structure. This is known as a 
** stitch ’’ construction, and finally, 

(c) for ease of erection and high-speed running 
the compound catenary is preferred. This 
employs a second continuous wire carried from 
the main catenary by auxiliary droppers and the 
contact wire itself is carried from this. 

It will be apparent that the compound catenary 
provides the best opportunity of minimising the 
effect of supporting structures on the uplift of 
the contact wire and it is therefore the most 
suitable for high-speed running. Examples of 
each of these types of suspension have been 
installed on one of the pilot schemes so that tests 
may be carried out to determine the best balance 
between initial cost and performance. 

The contact wire is a solid section of approxi- 
mately 0-485 in diameter, provided with grooves 
for attachment to the droppers. The area of 
cross-section is 0-166 sq. in. The main catenary 
is stranded and has a cross-section of 0- 104 sq. in. 
Cadmium copper is used for both the catenary 
and contact wire. The contact wire is offset 
up to 15in from the centre line of the track 
alternately at each support structure; thus, it 
sweeps across the contact strip on the panto- 
graph, evening out wear and preventing the 
creation of grooves therein which would seriously 
affect performance. Register arms are connected 
to the contact wire at each supporting structure 
in order to provide the necessary lateral location. 

Supporting structures are placed at up to 
240 ft apart under normal conditions. These 
fall into basically two forms, one consisting of a 
simple mast from which an arm is cantilevered 
to carry the catenary and the other is a portal 
construction for use where, for various reasons, 
it is impossible to use the simple construction. 


WIND AND WEATHER 

It will be realised that variations in ambient 
temperature will cause the catenary to expand 
and contract and, if it were fixed at the supports, 
the contact wire would rise and fall, particularly 
towards the centre of the span. Such variations 
in height would impair current collection. 
Accordingly the overhead line is divided into 
sections which are secured at the mid point and 
provided at the ends with balance weights which 
equalise tension throughout. The total length 
of a typical section for this purpose is approx!- 
mately 14 miles. The catenary wire is arranged 
to be “ live” so as to assist in the transmission 
of power to the trains and is connected directly 
to the tubular cantilevers and to the ties. These 
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are connected to the main structure by solid-core 
insulators. In the case of a portal structure, the 
main catenary is carried on a pulley attached to 
an arm cantilevered out from a solid-core insula- 
tor mounted on the main boom and the register 
arms are also mounted on insulators carried from 
the boom by tubular cantilevers. Structures are 
of steel which is galvanised to provide resistance 
to corrosion. They are not normally painted. 

It will be noted that the overhead system, con- 
sisting of an assembly of masts and elastic 
members, will have definite resilient properties. 
Care is to be taken to prevent undesirable 
amplitudes building up as a result of wind or the 
passage of a pantograph. An experimental 
programme is in hand to elucidate the dynamics 
of the system and its associated pantograph. 

For good current collection a pantograph 
should follow the contour of the contact wire 
without interruption. Because a certain definite 
force has to be exerted between the contact strip 
and the wire in order to ensure good electrical 
contact, the wire must lift on the passage of a 
train. This lift must of course be kept in mind 
in determining the clearance under bridges and 
other structures which may be critical. Because 
the contact pan of the pantograph must have 
some mass, additional force has to be exerted to 
accelerate it in conformity with the variations in 
height of the contact wire. However, in order 
to reduce the aforesaid lift, this must be kept at 
a minimum. 

The Commission have adopted and modified 
the Faiveley design of pantograph which 
embodies an auxiliary springing for the contact 
strip holder. This feature has enabled better 
current collection performance to be achieved 
than with earlier types of pantograph wherein 
the contact strip was mounted directly on to 
the main arms. The pantograph must adjust 
itself to considerable variations in_ height 
occasioned by the necessity, in some cases, of 
bringing the wire down to a minimum because 
of structures and then to allow it to rise to an 
optimum height to enhance safety where station 
and other work has to be carried out. The 
pantograph structure is “live’’ and is carried 
on the roof of the vehicle by insulators. 


CABLE JUNCTIONS 

The straightforward overhead construction 
described above has to be considerably modified 
at junctions, the contacting paths have to be 
divided up so as to enable individual sections to 
be rendered ‘“‘dead*’ to permit maintenance 
work to be carried out with the minimum dis- 
location to the whole system, and the system 
has to be sub-divided in relation to points 
of electrical supply. 

The usual substation consists of two 132/25 
kV single-phase transformers connected to one 
phase of the main 132kV grid lines of the 
Central Electricity Generating Board. This is 
a “hard ’’ supply and the amount of unbalance 
due to the traction load is not considered by 
the Central Electricity Generating Board to be 
of serious magnitude. Concentric 25 kV cables 
are used to the railway feeder stations. Clearly, 
it is necessary to interrupt the electrical con- 
tinuity of the traction circuit between the supply 
points so that there is no risk of paralleling the 
grid. It is furthermore desirable to interrupt 
continuity in the immediate vicinity of a supply 
point so as to reduce the possible magnitude of 
fault currents. 

The separation of two parts of the power 
supply system and the contact wire is carried 
out by what are known as neutral sections. 
It is important that the two live contact wires 
in each direction should not be connected 
electrically at any stage. If, for example, a 
single “dead” section of wire were placed 
between the two “live” sections, this would 
become “‘ live ”’ at the instant when a paniograph 
passed to the normally “dead” wire. If it 
so happened that another pantograph simul- 
taneously connected this wire with a “live” 
wire at the other end of the section, electrical 
continuity would be made right through. Neutral 
sections therefore consist of three sections of 


**dead’’ wire, the length of which is chosen 
so as to avoid any possible combination of 
circumstances whereby continuity might be 
achieved right across the neutral section. 

Provision has to be made to operate a train 
which might inadvertently come to a stand 
during the neutral section. For this purpose, 
remotely operated switches are provided which 
can make alive the normally ‘“ dead ”’ sections. 

It is sometimes necessary to provide an elec- 
trical interruption on the contact wire and yet 
to provide mechanical continuity of the passage 
of the pantograph pan. This would apply, for 
example, to the wire serving a crossover road 
in circumstances where it was desirable to isolate 
the “‘ Up” or “ Down” road for maintenance. 
A number of designs for this function have been 
proposed. Section insulators are, however, 
details of overhead construction which are 
expected to be further refined as experience is 
gained in high-speed operation. 


COMMUNICATION INTERFERENCE 


It is obvious that when conductors many 
miles in length run across the country carrying 
alternating current of cyclically fluctuating 
magnitude and distorted wave-form, care must 
be taken to prevent interference with other 
electrical circuits, particularly those used for 
telecommunications. Interference may arise 
from two basic causes: (i) the variation in 
voltage of the wire, e.g. electrostatic interference; 
and (ii) inductive effects due to cyclical variations 
in current. Thus, a line running parallel to 
the power line could be regarded as acting as 
a secondary of a transformer. 

There are two basic ways of safeguarding such 
circuits. One is to provide appropriate shielding 
to the circuit itself, and the other is to render 
the radiating system as innocuous as possible, 
for example, by adequate spacing. By and large, 
it is possible by adopting the second approach 
to safeguard all circuits which are not very 
close to the contact wire. Thus, in practice only 
the railways’ own circuits are sufficiently near 
to the contact wire to require individual atten- 
tion. These circuits are associated with signalling 
and traffic control and generally require to be 
modernised in any event in consequence of the 
signalling and communication modernisation 
necessary to enable full use to be made of the 
electrified railway. It is usual to employ specially 
shielded aluminium-sheathed cables for this 
purpose. 

An effective method of reducing electro- 
magnetic inductive effects is the use of booster 
transformers in association with a return wire 
which is carried at approximately contact wire 
height from the overhead structures. This 
return feed from the trains is fed to the rail 
from which it would pass back to the substation 
through the earth. However, booster trans- 
formers having a one-to-one ratio are mounted 
at intervals at the side of the rail. Current is 
therefore drawn from the track rails and fed 
along the return wire so as to provide a current 
approximately equal to that in the main con- 
ductor wire, so neutralising its inductive effect. 

Thus, by a combination of two methods, it is 
possible to ensure that electrification has no 
untoward effects on the adjacent communication 
circuits. 


PROBLEMS PECULIAR TO BRITISH 
CONDITIONS 

It is fairly obvious that the routes which are 
first selected for electrification will be those 
carrying the most intensive traffic. Thus, all 
work must be timed to proceed during those 
short periods when the line may be relieved of 
traffic. This may be confined to a relatively 
short period during the Sunday afternoon. In 
comparing the rates of electrification achieved 
in Great Britain with those quoted from other 
countries, this factor must be taken into account. 

A further problem arising ina highly developed, 
built-up country as Great Britain, is frequency of 
bridges crossing the railway. The clearance 
required between a conductor at 25 kV and the 
nearest point of the structure is 11 in and the 
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contact wire should be 11 in above the loading 
gauge. 

Few bridges, particularly those constructed 
in the early days of railways, are able to provide 
the necessary clearance. Sometimes it is possible 
to lower the track to provide the necessary 
clearance but more often the bridge has to be 
rebuilt so that, either way, electrification has to 
be preceded by a considerable amount of civil 
engineering work. When it is recalled that this 
work has to be done in such a way as to interfere 
as little as possible with rail traffic passing under 
the bridge and road traffic passing over, the 
difficulties faced by the civil engineer will be 
appreciated. In the case of a particularly trouble- 
some bridge, it is possible to insert a ‘* dead” 
section in the contact wire as it passes through 
but where the number of bridges and tunnels is 
high, as in the approach to the London termini 
or in the tunnels through Glasgow, it has been 
decided to employ a lower voltage of 6,250. 
This permits the minimum clearance to be 
reduced to 4 in. 

The problem is therefore to introduce change- 
over arrangements on the trains to enable them 
to work satisfactorily on both voltages. It will 
be clear that this may be done readily by changing 
the points at which current is fed to the primary 
of the transformer. This can be done by an 
auto-transformer arrangement or by dividing 
the primary winding into four portions which 
may be fed in series for the high voltage and in 
parallel for the low voltage. It would of course 
be disastrous if a train taking full power ran 
from the low voltage to the high voltage section; 
therefore, automatic control has been developed 
based primarily on magnetic inductors placed 
at the side of the track. These cause current to 
be switched off as a train passes a changeover 
point, while an automatic voltage sensing device 
arranges for the transformer, at that instant 
unloaded, to be switched for the voltage. 


ATMOSPHERIC POLLUTION 


Another problem which is more acute in this 
country than in some others is atmospheric 
pollution, particularly where steam trains may 
be required for many years to operate on the 
same tracks as electric trains. The general soot- 
ing up of insulators provides an obvious hazard 
and these must be cleaned from time to time. 
Methods have been developed for extending this 
period to the maximum. Nevertheless, in 
designing equipment for British Railways, more 
generous allowances for creepage paths have to 
be provided than would be the case in a clean 
atmosphere. High local humidities occasioned 
by concentration of steam have also to be 
guarded against. Were it not for this hazard, it 
would be fairly simple to reinforce the restricted 
air gap under low bridges by some form of solid 
insulation. The application of this simple 
principle is, however, immensely complicated 
by the effects of exhaust from steam locomotives. 


INSTALLATION WORK 


The close inter-relations between the work 
of various railway departments, e.g. civil, elec- 
trical and signal engineers, contractors employed 
to install the equipment and the traffic officers 
who have to keep traffic moving throughout the 
exercise, calls for team work and organisation 
of the highest quality. 

Before work commences, it is essential that 
an accurate survey of the railway should be 
made. Existing records are often inadequate 
for this purpose because allowances must be 
made for the presence of many detailed structures 
and obstacles which would not normally figure 
in the main plans of the railway. Aerial survey 
has been found to be a very economic way of 
preparing the necessary plans in the complex 
detail required. At this stage it is of course 
necessary to take into account any track altera- 
tions which may be decided on as a consequence 
of electrification. In particular, the layouts of 
termini may often be greatly improved due to 
the removal of the necessity to arrange for 
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APPLICATION OF DIESEL ENGINES AND 
GAS TURBINES TO RAIL TRANSPORT 


By E. S. COX, M.1.Mech.E. 


Assistant Chief Mechanical Engineer, British Railways Central Services 


Diesel multiple-unit trains have been intro- 
duced rapidly because they have proved 
traffic winners at costs per mile far lower 
than previous operating figures. Some main- 
line diesel locomotives are doing 140,000 miles 
per annum, nearly double the best steam 
locomotives; the new “ Deltics” will be 
rostered at 205,000 miles per annum. To 
reduce both capital and maintenance costs 
the railways must stop ordering so many 
locomotives just because they are different. 


N its Modernisation Plan of 1954, the British 
Transport Commission decided to dis- 
continue steam traction and to accept electrifica- 
tion as the ultimate goal, with the immediate 
introduction of large-scale diesel traction having 
the eventual role—still substantial—of hand- 
maiden to the final electrification network. Why, it 
can reasonably be asked, could not the diesel stage 
have been left out altogether? What is the point 
of introducing diesel traction in advance of full 
electrification? There are many answers, but 
most important is that diesels on suitable duties 
can begin to improve services and give net 
revenue a lift as soon as they can be set to 
work. 

It is true that, because of high capital cost, 
a considerable increase on former mileage per 
annum must be run by the new diesels simply to 
break even. There are, however, three advan- 
tages which provide the raw materials for net 
gains—I say raw materials, because to the 
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diesels themselves must be added brain power 
and imagination in the manner in which they 
are used. The advantages are: 
(a) Fuel costs are lower. Notwithstanding fuel 
oil at £16 per ton and coal at £4 10s, the high 
thermal efficiency of the diesel engine and 
absence of standby losses produces a real cash 
saving of the order of 33 per cent on main-line 
duties. 
(b) In many, even if not all applications, one- 
man operation is possible, with saving in staff 
costs. 
(c) For a given nominal power output, the 
diesel gives higher tractive effort on gradients 
and during acceleration than did its predecessor, 
so that it is a more effective traffic machine. 
Diesel traction did not start in Great Britain 
with the advent of the modernisation plan, for 
there were already 250 fully developed and 
completely successful shunting locomotives at 
work. This, however, is perhaps the easier kind 
of application because both running speeds and 
load factors are low. Long railway experience 
shows that it is the combined effects of high 
running speed and high power output which 
impose the most onerous conditions. Although 
soon after the end of the Second World War three 
out of the four then railway companies had sent 
deputations to the United States to study the 
large-scale application of diesels, in the outcome 
only a handful of main line locomotives—seven 
in all—were running here at the end of 1953. 
It is no secret that those prototypes were the 
guineapigs to which all the ills of early develop- 
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locomotives to run round trains or to be worked 
to watering points and turntables. 

The revised track plans having been provided, 
it is necessary for various interested departments 
to discuss the implications of other changes 
such as re-signalling and lighting, which can 
only be done on the spot. Various engineers 
therefore take part in what is known as a “ walk- 
out,’ which enables conflicting requirements to 
be resolved and a decision made under circum- 
stances conducive to the maximum realism. 

Design proper may now commence. It consists 
of determining the type and location of the 
standard supports for the overhead contact wire, 
and the selection of special structures and 
fixings in those locations where standard support 
cannot be used and the determination of the 
location of track section, switches, and trans- 
former stations. Construction depots have then 
to be set up and various work trains assembled. 
The procedure for the erection of masts has been 
very largely mechanised and is carried out from 
a work train to enable the maximum amount of 
work to be done during a comparatively restricted 
occupation of the line. 

The first operation consists of excavating the 
holes for the foundations. This is done by 
means of an auger borer which moves along the 
track boring holes at the appropriate intervals. 
The steelwork is next placed in position by 
another train fitted with the appropriate crane 
for planting the mast in the hole. Finally, the 
mast is concreted into position by a special train 
consisting of concrete mixing and placing equip- 
ment, together with wagons for cement, aggregate 
and water, which are provided with conveyor 
belts to enable the mixer to be fed. Steel struc- 
tures having been erected, catenary wire is then 
run off from another train, and finally the contact 


wire is passed along and suspended from tempor- 
ary droppers, the final operation being to fit 
permanent droppers and clamps and to adiust 
the line so as to provide as smooth a passage 
as possible for the pantograph. Meanwhile 
signal engineering work will be proceeding, 
together with the erection of transformer and 
switching stations. 

It is usual to arrange for one section of a 
scheme to be made live considerably in advance 
of the opening date to enable trains to be run 
for the purpose of training drivers. 


THE FUTURE 


The system adopted and the technical equip- 
ment provided for British Railways’ modernisa- 
tion is believed to represent the most highly 
developed solution available to us at this time. 
The novelty of the system in itself poses problems 
of a research character, but it is my personal 
belief that of all the systems of electrification 
which have been employed up to the present, 
this system lends itself most readily to the 
application of new developments in electrical 
technology. 

The use of semi-conductor rectifiers has already 
been mentioned as an example of the employment 
of resources of modern physics. Our knowledge 
of the physics of the solid state and our deeper 
appreciation of the fundamentals underlying 
electromagnetic problems offer hope that many 
elegant solutions of the technical problems 
mentioned will become available to us in the 
future. The commercial considerations affecting 
the contribution which railways will make to the 
traffic system of the country in the future are 
subject to many uncertainties but there can be 
no doubt that, in a period of increasing shortage 
of fossil fuels, a system of traction capable of 
deriving its energy from nuclear power stations 
must have a considerable part to play. 





ment happened, and from which railways and 
manufacturers alike learnt stern and practical 
lessons. 

In the third kind of railway application for 
which the diesel engine is suitable, namely 
multiple-unit passenger trains, there was a 
record of 25 years of abortive trials, with only 
37 power cars using vertical bus-type engines 
remaining on one Region as a_ sufficiently 
satisfactory but non-recurring application. 


INDIGENOUS DIFFICULTIES 


Superficially one might ask why any problems 
at all? America had already changed over to 
diesel traction on its railways, so what more 
need we do but follow and do likewise? The 
Americans, however, had to live through some 
ten years of gestation in which troubles of all 
kinds had to be overcome in relation to their 
own background. There is no magic by which 
we here, although starting later, are able to 
avoid a trial and error period in adapting the 
diesel prime mover to our own very different 
conditions. 

In fact, the potential merits of diesel traction 
can only be realised by the tackling of a large 
variety of problems and, in common with most 
pioneer work, the taking of many decisions in 
advance of the ultimate facts. Some of these 
problems are outlined below. 

Civil Engineering.—Because our railways were 
laid out 100 years ago or more, physical con- 
ditions are more restrictive than in nearly every 
other country, having intensive services on 
standard gauge. Work must be _ performed 
within a space 9 ft wide, 13 ft high and 65ft 
long. Most bridges will not sustain axle weights 
much above 18 tons, and even on main trunk 
routes 20 tons is the upper limit. The civil 
engineer is cautious in the weights he will 
permit because the diesel with its motorised 
leading axle produces considerable impact at 
rail joints, its accelerative power may produce 
higher speeds in unusual places, and its high 
potential utilisation can result in greater fre- 
quency over a given length of track. This caution 
requires the mechanical engineer to use either 
expensive designs and materials to keep weight 
down on a minimum number of axles, or normal 
design and materials but with a larger number 
of axles. Both means are undesirably expensive, 
and the optimum economic solution in between 
is a matter of considerable judgment. 

Adhesion.—Since its inception, rail traction has 
been founded on a smooth wheel on a smooth 
rail. For much of that period it has been near 
enough to design round a rough and ready 
relationship that 4 tons of weight was needed 
on the driving axle to produce reliably 1 ton of 
tractive effort at the wheel rim. With diesel 
and electric traction it is necessary to be much 
more exact; representative adhesion factors can 
vary all the way from 0-17 through the 0-25 of 
the above condition to 0°35 and even more. 
Proper understanding and selection of traction 
motor circuits and control systems can greatly 
affect the potential of the locomotive to grip 
under any given rail conditions. But what that 
grip consists of, and just what factors of moisture 
or contaminants on the rail or tyre surface 
affect it adversely, is not yet fully understood, 
although very determined research is proceeding. 
A condition or substance which will fix adhesion 
at an optimum value is still wanting. Perhaps 
this goal will never be reached, but until it is, 
we must either build heavier than should really 
be necessary or risk having unreliable transport- 
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ation under unfavourable physical conditions. 


Relation between Power and Weight.—Ideally 
maximum power should be obtained for 
minimum weight. When the contrary require- 
ments of bridge strengths and reliable adhesion 
have been sorted out, there are other factors 
also affecting this ideal. There are on the market 
diesel engines for traction all the way from 
6 to 24lb weight per h.p., the lighter engines 
being generally associated with higher speeds of 
revolution. Although developed primarily in 
connection with hydraulic transmissions, light 
high speed engines can be, and are also applic- 
able to, electric transmission, but there is too 
little experience yet to be able to judge whether 
on reliability, maintenance costs and life, these 
high-speed engines can establish superiority over 
their heavier competitors. 

Similarly hydraulic transmissions are lighter 
than electric, but they demand a more complex 
form of drive to the road wheels through cardan 
shafts, an arrangement which departs far from 
the simplicity of electric drive in cases where 
more than two axles to each bogie are required. 
Here again, relative merit is far from having 
been established. 

For these reasons there is still considerable 
variation in the specific weight of locomotives, 
while for multiple-unit trains, where particular 
duties are more easily identifiable, economic 
traffic working will, as much as technical con- 
siderations, determine the optimum horsepower 
per ton of train. 

There are those who seek to establish merit in 
diesel traction solely on the basis of minimum 
specific weight. Logically they are right, but 
in the interplay of practical considerations, a 
sense of proportion is valuable and attention 
must be paid to the ingredients which go to 
make up the cost of the traction ton-mile. 
One of the few engineering economists who ever 
applied his mind to rail traction in the round— 
the late Professor Lomonossoff?—derived an 
expression for this cost which is set out in the 
accompanying panel. Not all of the statistics 
necessary to evaluate this expression are avail- 
able on British Railways, but contemplation of 
the various ingredients will help to place specific 
weight in a certain amount of perspective against 
railway operation ds a whole. 

Selection of Motive Power Types.—Ideally only 
one motive power type would best satisfy 
operating and maintenance considerations, using 
a single set of interchangeable components, 
capable of all duties and of running everywhere. 
Variety, however, emerges at once; over a wide 
field of passenger operation the multiple-unit 
train costs less, while the locomotive must still 
be retained at least for freight. The goal ofa 
single locomotive type breaks down on economics 
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and expediency. Economically the single type, 
if powerful enough for the most onerous duties, 
is too expensive for lighter duties, carrying less 
possibility of high utilisation. If the single type 
is of lower power, adequate for light duties, it 
can of course be used in multiple to cover all 
other duties, but the overall cost of two small 
units may reach 30 per cent more than that of 
a single large unit of the same total power. 
Under expediency are grouped twin consider- 
ations: first, that British Railways so far has been 
unable to identify a single make of power 
equipment which is head and shoulders better 
than all of its competitors, and second that due 
to the large number of diesels required, it has 
been necessary to spread orders over a number 
of firms in order to obtain the desired deliveries. 
Diversity.—At the other end of the scale, 
the enterprise and_ variety of British 
industry itself presents a problem. Some 100 
different diesel engines of over a dozen makes, 
combine with six makes of electrical transmission 
and five forms of hydraulic drive, and 20 firms 
are prepared to build complete locomotives or 
rail cars having endless permutations of the 
different elements of power equipments. 


ACHIEVEMENT 
Table 1 shows the situation regarding diesel 


power of all kinds, both ordered and delivered, 
as at the end of April, 1959. It is the diesel 


TABLE | Diesel Power Units as at 1 May, 1959 
Running On order Total 
Locomotives 
Main line 157 1,081 1,238 
Shunting 1,171 594 1,765 
Power cars 1,547 714 2,261 


multiple-unit trains which have increased in 
number fastest, because they have proved traffic 
winners at costs per mile far lower than pre- 
viously obtained. These low costs were partly 
obtained because of the availability of engines 
already quantity produced for other purposes, 
and partly by the possibility of one-man opera- 
tion over the majority of operating conditions. 
This factor of one-man operation, together with 
no standby losses, and high efficiency at low 


outputs, has assured the economic success of 


the shunters, as the large number already in 
service bears witness. In both multiple-unit 
trains and shunters the impact of the various 
problems outlined has been less severe. 

It is in the main-line locomotives that the 
full force of conflicting or unknown circum- 
stances are most fully met, and the net was at 
first spread very wide. The first 174 ordered 
in 1955 contained many technical variations in 
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The Lomonossoff Formula for the Cost of the Net Ton-Mile 








three main power groups, and were divided 
amongst the majority of British firms in the 
field at that time. Within the total are high and 
medium-speed, two-stroke and _ four-stroke 
engines, electric and hydraulic transmissions, 
4, 6 and 8 axles per locomotive, and a wide 
variety of mechanical design. Later orders 
have, with few exceptions, been repeats of a more 
limited range within the original prototypes. 

Engineers and administrations everywhere 
thirst for results from diesel traction, and there 
is a restless exchange of deputations from 
country to country, though the answer lies per- 
haps only within one’s own national conditions. 
On British Railways the results look promising, 
but there is still far to go. In this paper only a 
few examples can be given based upon actual 
experience on test or in service. 

Efficiency.—The thermal efficiency of the 
traction diesel engine has been confirmed as 
lying between 33 and 36 per cent. Best trans- 
mission efficiency, almost identical for electric 
and hydraulic systems, is 83 per cent, so that 
efficiency at the locomotive wheel rim is in the 
order of 28 per cent. The efficiency with which 
trains are hauled depends largely upon the ratio 
of locomotive to train weight, in that the lighter 
the train, the larger the proportion of fuel used 
for propelling the locomotive itself. In practice, 
for example, traction efficiency with a 2,000 h.p. 
locomotive has been shown to range from 84 to 
20 per cent for 2 to 12 coaches respectively. 
On the other hand, for any given train load, the 
traction efficiency varies up or down by less than 
1 per cent with changing train speed. Efficiency 
varies only slightly with engine condition and 
not at all upon the temperament or inclination 
of the footplate staff. 

Fuel Consumption.—The most diverse engine 
types and sizes fall within fuel consumptions of 
0-37 to 0-40 Ib per engine b.h.p. over the whole 
range of power. For the same gross ton-miles 
(locomotive + train) fuel used varies little from 
one locomotive type to another, but it varies 
widely with the work done. The commercial 
value of consumption is measured per net ton- 
mile (related to weight of train hauled) and here, 
as in the case of traction efficiency, this value 
will vary as the relation between locomotive and 
train weight varies. The more commonly used 
figures of miles per gallon must be read, there- 
fore, with the understanding that they reflect 
mainly traffic conditions, and only to a minor 
extent relative merit as between one locomotive 
and another. Against this background, some 
representative figures are quoted in Table II to 
indicate results in daily service. 


Taste I1.—Fuel Consumption, measured in Miles per Gallon 
Examples on Different Duties 
Consumption, 
Duty m.p.s 
Locomotives, power rating and transmission 
2,000 h.p., DE King’s Cross/Sheffield/ New- 0-94 
castle (passenger) 

2,000 h.p., DE East Anglia (passenger) 0-86 
2,000 h.p., DH Paddington/Plymouth 1-31 
Penzance (passenger) 

1,250 h.p., DE East Anglia (mixed traffic) 1 14 
1,160 h.p., DE King’s Cross/Cambridge 1-25 
(mainly passenger and 

suburban) 
1,000 h.p., DE Camden/Crewe (fast freight) 1 28 
1,000 h.p., DE Cross-London (freight) 0-79 
Multiple Unit Sets (inter-city duties) a 
Diesel- 2 power cars 1 trailer, 3-3 
mechanical 600 h.p hi 
Diesel- 1 power car 2 trailers, 2:50 
electric 500 h.p 
(Southern 


Region only) 


DE Diesel Electric 

DH Diesel Hydraulic Transmission 

Utilisation and Availability. —With so expen- 
sive a machine as the diesel, with capital costs 
three times greater than that which it has 
replaced, it must be employed for the fullest 
proportion of each day it is at work (utilisation) 
and it must be capable of use for the greatest 
number of days possible out of the 365 per 
annum (availability). 

Utilisation in particular is a tricky subject 
and a very far seeing eye is required to judge 
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correctly any statistics which are offered in 
connection with it. It is apt to be judged on 
miles per day in use alone, whereas it is in fact 
a combination of miles and time with physical 
conditions. The practical ceiling of annual 
mileage for any locomotive in the geographical 
conditions of this country is of the order of 
260,000 miles per annum, which represents a 
round trip of 800 miles, London to Glasgow and 
back in 17 hours running time, and assuming 
90 per cent availability. At the other end of 
the scale, a shunting locomotive may also be on 
duty 17 hours out of the 24, and although it 
only attains 7,500 actual miles in the year, 
it may be equally fully and profitably utilised 
having regard to the nature of its duties. In 
between, what is possible within the 24 hours 
depends upon the traffic offering, the convenience 
of the public, the speeds appropriate to the 
kind of traffic, or nature of the route, and many 
other considerations. What is really sought in 
studying utilisation figures is how far the traffic 
department has done its job by fully employing 
the locomotive to the extent to which conditions 
allow, and for this purpose more than an overall 
average of miles and hours is clearly necessary. 

On the other hand the number of days the 
locomotive is available for use is largely an 
engineering matter. When allowance is made for 
examination and day-to-day servicing at depots, 
to periodic repairs and to the incidence of 
casualties, 90 per cent of total time is about 
the maximum value which can be expected from 
the best diesels. 

Table Lil shows some actual figures for miles, 
hours and percentage availability now being 
attained. Where these figures fall short of the 
optimum values already indicated, allowance 
must be made for incomplete application of 
diesel traction, often emphasised by having too 
few units as yet to eliminate steam from the 
rosters. Allowance must also be made for 
teething troubles, for these by no means deny 
good performance in the long run. 


Taste II.—Locomotive Utilisation and Availability 


Miles per 


Hours in 
day in use 


service per 
day in use 


Percentage 
of days 
available 


Locomotive 
Power 


.» DE (a) 472 
(b) 492 

-p., DH (d) 415 
-p., DE 235 
-p., DE 157 
-p., DH 212 
.» DE (c) 74 


(a) East Anglia passenger services. 

(6) King’s Cross/Sheffield/ Newcastle services. 

(c) Cross-London freight services. 

(d) Plymouth/ Paddington (passenger). 

DE diesel-electric, DH diesel-hydraulic transmission. 


In the best cases, diesel locomotive mileage is 
accumulating at a rate of about 140,000 miles 
per annum, roughly half of the potential, but 
already nearly twice that of the best steam, 
where 75,000 miles per annum was top perform- 
ance for the London Midland Region “‘Pacifics”’. 
When 22 new Deltic locomotives of 3,300 h.p. are 
delivered next year to the Eastern Region, they 
will be rostered at 205,000 miles per annum. 

Maintenance.—The repair performance of the 
diesel shunter is fully established, and has been 
the subject of a recent paper.* That of diesel 
multiple-unit trains is beginning to become clear, 
but it will be a long time before trends can be 
established for main-line locomotives, all of 
which under modernisation are too new to have 
completed their cycle of classified repairs. 
Table LV gives some particulars in respect of 
shunters and rail-cars. Carefully thought out 
and rigidly observed schedules of driving instruc- 
tions, inspections and maintenance are the 
basis of reliability and low costs. 

Among the most valuable safeguards of 
engine condition is control and examination of 
lubricating oil. Spectographic examination of 
oil samples is on trial, it being claimed that the 
onset of undue wear in any constituent metal can 
be detected in its early stages. Experience is 
divided as to the value of this system. No 
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TaBLe IV.—Representative Maintenance Data 


| Average annual | 
performance 





Maintenance 


Kind of power unit periods 


Miles 


_—- o. 
| Miles Hours Hours 


350 h.p. diesel shunters 7,742 6,180 | — ~— 
30,514 | 24,400 


Diesel engine overhaul _— 
Whole locomotive | 

overhaul 55,951 | 44,700 
Diesel multiple unit * (150 

h.p. mechanical) 

Average engine repairs 

Gearbox repairs 

Final drive repairs 


Diesel multiple unitt (500/ 

600 h.p. electric) | | 
Hastings service “ | 3,500 — | — 
Engine top overhaul .. 106,500 5,000 to 

6,000 
| (actual) 
Power unit heavy over- — 320,000 | 15,000 
aul | to 
18,000 
(antici- 
pated) 


* Two engines per power car, 300 h.p. per vehicle. Units 
consist of either 2 power cars, 2 power cars + trailer, or | power 
car + trailer. 

t+ Units consist of power car + 2 trailers. 
car in earlier vehicles, 600 h.p. in later. 

_Note.—The 350 h.p. shunter engine is fully developed and 
free from teething troubles. The 500/600 h.p. engine on the 
SR diesel multiple units is based on shunter design. The elec- 
trical equipment is akin to that on electric multiple unit trains. 
The figures for mechanical diesel multiple unit trains have not 
yet settled down in adapting road to rail practice. Shopping 
mileages for engines and transmissions are currently rising 
towards 100,000 miles. 


500 h.p. per power 


defective condition has so far been identified by 
this means on British Railways, and a suggestion 
of high lead content in the oil did, in one case, 
give rise to an engine being opened up only to 
find the bearings in excellent condition. 


TEETHING TROUBLES 


Every country introducing diesel traction has 
had troubles and so has Great Britain. Ours 
divide into three broad classes as under:— 

(i) Manufacturing or design defects have been 
relatively few; engine pistons having perhaps 
given the greatest measure of trouble of this 
kind, with fuel dilution of lubricating oil coming 
second. Not leaving well alone in well-tried 
designs is a further cause of trouble. 

(ii) Defects arising from the special circum- 
stances of rail traction have been more numerous, 
including traction motor flashovers, inability of 
brush gear to meet widely divergent traffic duties 
on the same locomotive, effects of idling and 
low-power operation on engine lubrication, 
fracture of manifolds, cover plates and fuel 
tanks due to vibration, and cooling systems 
affected by the aerodynamics of the vehicle. 

(iii) Random defects are by far the most annoy- 
ing and tend to remain after more serious 
troubles have been identified and overcome. 
Their number is legion, but loose or fractured 
pipes and wiring, earth faults, dirty contacts, 
and filter blockage are examples. They have 
to be found by hard experience with each type 
of power unit, until both driving and mainten- 
ance staffs on the one hand, and manufacturers 
on the other, have become fully accustomed to 
the facts of life. 


FUTURE OF DIESELS 


In a radical changeover to a new form of 
motive power, some assurance is necessary that 
it holds possibilities of future development. 
In the engine, steady development on lines 
already in being can expect to produce reliably 
higher power at lower weight, as well as further 
increase in hours between overhaul. New 
engine designs will appear, but for production 
as distinct from experimental quantities, railway 
demand will always tend towards the fully 
developed engines, whether they are of high or 
medium speed being a secondary consideration. 

There is no sign that either electric or hydraulic 
transmission will emerge predominant on purely 
technical grounds. The former will gain all that 
the future holds for electric traction generally, 
such as simplified control systems without mov- 
ing parts, and reductions in weight, size and cost 
of generators and traction motors. 
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For the locomotive itself, relief to the ex 
of tons of reduced weight, and more comps 
design will follow when electric carriage wary 
is adopted on British Railways. There will} 
to be, however, an interim period during 
carriages will have to be fitted with both ste 
and electric heating. 

Finally for the sake of economy in first og 
and maintenance, and for good storekeepj 
reduction in variety will certainly be necesgap 
ordering certain varieties just because they 
varieties will have to cease. Nevertheless am 
thing good should not be missed, and the org 
ing of experimental types which offer gre 
promise is likely to continue, in order to refre 
the production series under current order. ; 


GAS TURBINE LOCOMOTIVE 


Only a small last section is devoted to the gag 
turbine engine, because it occupies a tiny plage 
on the motive power scene. It can be said af 
once that there is no engineering difficulty ig 
applying gas turbines to rail traction work 
unlike the diesel, the gas turbine as so fap 
developed has one over-riding defect, namely the 
fall in efficiency at less than full load—an almogt 
prohibitive defect for rail traction where running 
at full load, in this country at any rate, is the 
exception rather than the rule. Interest hag 
thus been deflected on to projects which, by usg 
of low-grade oil, or even coal, could counter 
balance the fall-off in efficiency and present an 
overall reduction in working costs. 

The original and only such locomotive now 
running on British Railways continues to per 
form satisfactorily, but at fuel and overall costs 
which are no improvement on steam. This 
locomotive, however, represents the practice of 
a decade ago. To bring itself up to date the 
Commission, jointly with the Ministry of Fuel 
and Power, had a special study made in 1956 by 
a firm of consulting engineers into the possi- 
bilities. This report indicated that no com 
mercially built turbine was available or con- 
templated using either distillate or residual fuel 
which could offer lower overall costs than the 
diesel. It also indicated that a new turbine 
specially developed with materials suitable for 
1,000° C maximum gas temperature, could offer 
a gain of only 24 per cent in total cost per mile, 
the basis including crew, fuel, maintenance, 
interest and depreciation. As a brand new 
turbine could well cost up to £1 million to 
develop to good running order, the margin as 
compared to the diesel is still too narrow to make 
a gas turbine locomotive development, using oil 
fuel, commercially attractive. 

The possibilities of using coal either directly 
or indirectly for gas turbines has, of course, 
interested coal-producing countries for many 
years, but just as after the most prolonged and 
intensive experimental work a locomotive of this 
kind is yet to be built in the United States, so in 
this country it has proved impossible to over- 
come the practical difficulties of application, let 
alone solve the commercial aspect. 


CONCLUSION 


The diesel can bring to rail traction predictable 
performance uninfluenced by human vagaries, 
lower overall costs, and greater amenity. It 
dispenses with a lot of auxiliary equipment, such 
as coaling and watering facilities, expensive to 
provide and maintain. It is superior to electric 
traction in the facility with which it can be 
introduced in small financial doses, though 
inferior both in potential tractive capacity and in 
simplicity of the power units. 

Of itself, diesel traction will produce measure- 
able benefits. Given clear thinking and resource- 
fulness, an instrument is to hand which can 
greatly transform the economic scene. 
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